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�����0HQXV�DQG�2SWLRQV�IRU�6\VWHP�%DVH�&DVH�8SGDWH ���������������������������������������������

����86,1*�'$7$%$6(�),/(6��������������������������������������������������������������������������������������������������
�����(YHQW�7UHH�)LOHV ���������������������������������������������������������������������������������������������������
�����)DXOW�7UHH�)LOHV ����������������������������������������������������������������������������������������������������
�����%DVLF�(YHQW�)LOHV��������������������������������������������������������������������������������������������������
�����0RYLQJ�'DWDEDVH�)LOHV�����������������������������������������������������������������������������������������
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1. INTRODUCTION

6HFWLRQ���FRQWDLQV�DQ�LQWURGXFWLRQ�WR�WKH�6$3+,5(�%DVLFV�FRXUVH�PDWHULDO��DQ�RYHUYLHZ�RI�35$�
DQG�LPSRUWDQW�GHILQLWLRQV�DQG�FRQFHSWV���$OVR�LQFOXGHG�LQ�WKLV�VHFWLRQ�LV�DQ�RYHUYLHZ�RI�WKH
6$3+,5(�FRGH�FDSDELOLWLHV�

Learning Objectives

ô ,QVWDOO�6$3+,5(�RQ�DQ�,%0�FRPSDWLEOH�FRPSXWHU�

ô :LWK�6$3+,5(�ORDGHG�RQ�DQ�,%0�FRPSDWLEOH�FRPSXWHU��VWDUW�WKH�SURJUDP�

ô 'HILQH�35$�WHUPLQRORJ\�LPSRUWDQW�WR�WKLV�FODVV�

ô 'HVFULEH�WKH�PDMRU�VWHSV�LQ�WKH�35$�SURFHVV

1.1 Overview of SAPHIRE Basics Course Material

7KH�6$3+,5(�%DVLFV�FRXUVH�PDWHULDO�LV�LQWHQGHG�WR�ERWK�����SURYLGH�JXLGDQFH�IRU�OHDUQLQJ
6$3+,5(�GXULQJ�WKH�%DVLFV�FODVV�DQG�����EHFRPH�D�VWDQG�DORQH�UHIHUHQFH�GRFXPHQW�DIWHU
ILQLVKLQJ�WKH�FODVV���7KXV��WKH�IRUPDW�IRU�WKH�FODVV�PDWHULDO�LV�D�FRPELQDWLRQ�RI�WKH�WUDGLWLRQDO
�RYHUKHDG�W\SH��RI�SUHVHQWDWLRQ�LQIRUPDWLRQ�ZLWK�D�VWUXFWXUHG��UHIHUHQFH�W\SH�GRFXPHQW�

7KH�FRXUVH�PDWHULDO�LV�GLYLGHG�LQWR�WZR�JHQHUDO�FDWHJRULHV����0HQX�FHQWHUHG��WRSLFV�DUH�ILUVW
SUHVHQWHG�DQG�DUH�WKHQ�IROORZHG�E\��WDVN�FHQWHUHG��WRSLFV�

ô 7KH�WHUP��PHQX�FHQWHUHG��LPSOLHV�WKDW�WKH�6$3+,5(�PHQX�RSWLRQV�ZLOO�EH�GLVFXVVHG�
)RU�H[DPSOH��RQH�PHQX�FHQWHUHG�WRSLF�ZLOO�EH�WR�OHDUQ�KRZ�WR�EXLOG�JUDSKLFDO�HYHQW�WUHHV�
6HFWLRQV���WKURXJK���FRQWDLQ�PHQX�FHQWHUHG�LQIRUPDWLRQ�

ô 7KH�WHUP��WDVN�FHQWHUHG��LPSOLHV�WKDW�SHUIRUPLQJ�FHUWDLQ�WDVNV�XVLQJ�WKH�6$3+,5(�FRGH
ZLOO�EH�GLVFXVVHG���)RU�H[DPSOH��RQH�WDVN�FHQWHUHG�WRSLF�ZLOO�EH�WR�OHDUQ�KRZ�WR�REWDLQ
HYHQW�WUHH�VHTXHQFH�FXW�VHWV���6HFWLRQV���WKURXJK����FRQWDLQ�WDVN�FHQWHUHG�LQIRUPDWLRQ�
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ô 6$3+,5(�VFUHHQ�GLVSOD\V�ZLOO�EH�VKRZQ�DV�WKH\�DSSHDU�RQ�\RXU�YLGHR�GLVSOD\��DV�VKRZQ
DERYH��

ô 6TXDUH�EXOOHWV�����ZLOO�EH�XVHG�WR�GLVFXVV�WRSLFV�UHOHYDQW�WR�DQ�6$3+,5(�VFUHHQ�GLVSOD\�

ô :KHQ�GLVFXVVLQJ�D�SDUWLFXODU�VHTXHQFH�RI�PHQX�RSWLRQV��WKH�QRPHQFODWXUH

0$,1�0HQX�Þ�6XEPHQX�2SWLRQ

ZLOO�EH�XVHG�WR�LQGLFDWH�WKH�PDLQ�6$3+,5(�PHQX�RSWLRQ�DQG�DQ\�VXFFHVVLYH�VXEPHQX
RSWLRQV�

1.2 SAPHIRE - What Is It and What Can It Do?

ô 6$3+,5(�LV�DQ�LQWHJUDWHG�35$�VRIWZDUH�WRRO�WKDW�JLYH�WKH�XVHU�WKH�DELOLW\�WR�FUHDWH�DQG
DQDO\]H�IDXOW�WUHHV�DQG�HYHQW�WUHHV�XVLQJ�D�SHUVRQDO�FRPSXWHU�

ô ,55$6�ZDV�RULJLQDOO\�UHOHDVHG�LQ�������YHUVLRQ��������2WKHU�YHUVLRQV�RI�,55$6�LQFOXGH
����������DQG�������$GGLWLRQV�DQG�LPSURYHPHQWV�KDYH�EHHQ�DGGHG�WR�HDFK�YHUVLRQ�RI�WKH
FRGH�

ô 7KH�ODWHVW�YHUVLRQ�RI�WKH�6$3+,5(�FRGH�LV�������7KH�PDWHULDO�FRQWDLQHG�LQ�WKH�FODVV
QRWHV�LV�FXUUHQW�DQG�LQFOXGHV�FKDQJHV�PDGH�IURP�,55$6�YHUVLRQ�����
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ô 6$3+,5(�FRQWDLQV�VHYHUDO�IHDWXUHV�

� 3&�EDVHG�IDXOW�WUHH�DQG�HYHQW�WUHH�JUDSKLFDO�DQG�WH[W�HGLWRUV
� &XW�VHW�JHQHUDWLRQ�DQG�TXDQWLILFDWLRQ
� ,PSRUWDQFH�PHDVXUHV�DQG�XQFHUWDLQW\�PRGXOHV
� 5HODWLRQDO�GDWDEDVH�ZLWK�FURVV�UHIHUHQFLQJ�IHDWXUHV
� ([WHUQDO�HYHQWV�DQDO\VLV��H�J���VHLVPLF��ORFDWLRQ�WUDQVIRUPDWLRQ�
� 5XOH�EDVHG�UHFRYHU\�DQG�HQG�VWDWH�DQDO\VLV

ô 9HUVLRQ�����ZDV�WKH�ILUVW�,55$6�UHOHDVH�WKDW�FRQWDLQHG����ELW�FRPSLOHG�FRGH��D����ELW
FRGH�LV�VWLOO�DYDLODEOH���)HDWXUHV�RI�WKH����ELW�FRGH�LQFOXGH�

� 5HGXFHG�DQDO\VLV�WLPH�GXH�WR�LPSURYHG�FRGH�H[HFXWLRQ�
� 8VH�RI�DYDLODEOH�H[WHQGHG�PHPRU\��L�H���PHPRU\�DERYH�WKH�QRUPDO����.�RI�'26

PHPRU\��
� $ELOLW\�WR�VROYH�ODUJHU�ORJLF�PRGHOV�GXH�WR�LPSURYHG�PHPRU\�KDQGOLQJ�
� 7KH�FRGH�RFFXSLHV�OHVV�GLVN�VSDFH�VLQFH�LQGLYLGXDO�PRGXOHV�DUH�FRPSLOHG�LQWR�D

VLQJOH�PRGXOH�
� 2QO\�����������3HQWLXP��RU�KLJKHU�'26�FRPSDWLEOH�FRPSXWHUV�FDQ�UXQ�WKH����ELW

YHUVLRQ�RI�6$3+,5(�

ô 9HUVLRQ�����LV�WKH�ILUVW�6$3+,5(�UHOHDVH�IRU�:LQGRZV����DQG�:LQGRZV�17�

ô 7KH�PLQLPDO�KDUGZDUH�UHTXLUHPHQWV�DUH�

� ����RU�KLJKHU�:LQGRZV����17�FRPSDWLEOH�FRPSXWHU�ZLWK����:LQGRZV�������
�:LQGRZV�17��0HJV�DYDLODEOH�PHPRU\��5$0��

� ��0HJV�RI�PHPRU\�RQ�WKH�KDUG�GLVN�IRU�SURJUDP�LQVWDOODWLRQ���7KH�UHTXLUHG�KDUG
GLVN�PHPRU\�IRU�HDFK�GDWDEDVH�YDULHV�GHSHQGLQJ�RQ�WKH�VL]H�DQG�FRPSOH[LW\�RI
WKH�GDWDEDVH�

� ���FRORU�(*$�9*$�PRQLWRU�YLGHR�FDUG�DQG�D�NH\ERDUG�DQG�PRXVH��RU�RWKHU
SRLQWLQJ�GHYLFH��

� :LQGRZV����RU�:LQGRZV�17�
� $�PDWK�FRSURFHVVRU�LV�RSWLRQDO�EXW�LV�UHFRPPHQGHG�

1.3 The Class Workbook

ô 7KH�ZRUNVKRS�SUREOHPV�IRU�WKH�6$3+,5(�FODVV�DUH�FRQWDLQHG�LQ�D�VHSDUDWH�KDQGRXW�
UHIHUUHG�WR�DV�WKH��ZRUNERRN��RU��ZRUNVKRS�PDQXDO��
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ô 7KH�ZRUNERRN�DOORZV�WKH�6$3+,5(�%DVLFV�FODVV�WR�EH�WDLORUHG�WR�VSHFLILF�DXGLHQFHV�
7KLV��WDLORUHG�SUREOHP��IRUPDW�JLYHV�WKH�IUHHGRP�WR�SUHVHQW�VSHFLILF�WRSLFV�RU�SUREOHPV
FHQWHUHG�DURXQG�WKH�H[SHFWHG�QHHGV�RI�WKH�VWXGHQWV�

ô 7KH�ZRUNERRN�IROORZV�WKH�VDPH�IRUPDW�DV�WKH�FRXUVH�PDWHULDO��DQG�WRJHWKHU�SURYLGH�DQ
LQWHJUDWHG�UHIHUHQFH�SDFNDJH�IRU�WKH�6$3+,5(�FRGH�

1.4 Overview of PRA

ô 3UREDELOLVWLF�ULVN�DVVHVVPHQW��35$��LV�D�PHWKRG�WR�

,GHQWLI\�
FKDUDFWHUL]H�

TXDQWLI\�SUREDELOLVWLFDOO\�
DQG�HYDOXDWH�KD]DUGV

ô 7KH�SURFHVV�RI�PHDVXULQJ�ULVN��L�H���35$��DVNV�

� :KDW�FDQ�JR�ZURQJ"
� +RZ�OLNHO\�LV�LW"
� :KDW�DUH�WKH�FRQVHTXHQFHV"

ô 7KH�185(*������W\SH�35$�SURFHVV�FRQVLVWV�RI�WKUHH�PDMRU�OHYHOV�

1.5 Definitions

ô Hazards could include

� ,RQL]LQJ�UDGLDWLRQ��H�J���D�QXFOHDU�SRZHU�SODQW�UDGLDWLRQ�UHOHDVH�
� (OHFWULFDO�KD]DUG��H�J���HOHFWULFDO�VKRFN�
� 7KHUPDO�KD]DUG��H�J���WKHUPDO�EODVW�HIIHFWV�IURP�DQ�H[SORVLRQ�
� &KHPLFDO�KD]DUG��H�J���D�UHOHDVH�RI�WR[LF�FKHPLFDOV�

ô Risk

7KH�SRWHQWLDO�RI�ORVV�RU�GDPDJH�UHVXOWLQJ�IURP�H[SRVXUH�WR�D�KD]DUG�
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ô Safety

5HSUHVHQWV�DQ�DFFHSWDEOH�OHYHO�RI�ULVN�UHODWLYH�WR�WKH�EHQHILWV�GHULYHG�IURP�WKH�KD]DUGV�FDXVLQJ
DFWLYLW\�

ô Probability

7KH�WZR�FRPPRQ�LQWHUSUHWDWLRQV�RI�SUREDELOLW\�DUH�

)UHTXHQWLVW��WKH�UHODWLYH�IUHTXHQF\�RU�HPSLULFDO�DSSURDFK����7KH�SUREDELOLW\�RI�HYHQW�$�LV
JLYHQ�E\�

P(A) =  (X n)
n  → ∞
lim /

ZKHUH�;�LV�WKH�QXPEHU�RI�WLPHV�HYHQW�$�RFFXUUHG�RXW�RI�Q�QXPEHU�RI�UHSHDWHG�WULDOV���)RU
D�IL[HG�Q��WKH�YDOXH�RI�3�$��LV�WKH�UHODWLYH�IUHTXHQF\�RI�RFFXUUHQFH�RI�HYHQW�$�
&RQVHTXHQWO\��LQFUHDVLQJ�Q�ZLOO�LPSURYH�WKH�HVWLPDWH�RI�3�$��

6XEMHFWLYH��WKH��GHJUHH�RI�EHOLHI��DSSURDFK����7KH�SUREDELOLW\�3�$��LV�WKH�PHDVXUH�RI
XQFHUWDLQW\�RU�GHJUHH�RI�EHOLHI�RQH�KDV�RI�HYHQW�$���)RU�H[DPSOH��WKH�NQRZOHGJH�RI
V\PPHWU\�IRU�D�SDUWLFXODU�FRLQ�PD\�OHDG�DQ�DQDO\VW�WR�SRVWXODWH�WKDW�WKH�SUREDELOLW\�RI
WRVVLQJ�D�KHDG�RQ�D�WRVV�LV�������7KH�VXEMHFWLYH�PHWKRG�UHTXLUHV�WKDW�SUREDELOLW\�EH
DVVLJQHG�LQ�D�FRQVLVWHQW�PDQQHU�

ô Reliability

7KH�SUREDELOLW\�WKDW�D�V\VWHP�ZLOO�SHUIRUP�VDWLVIDFWRULO\��L�H���GRHV�QRW�IDLO��IRU�D�GHVLJQDWHG
SHULRG�RI�WLPH��RU�QXPEHU�RI�F\FOHV��DQG�XQGHU�VSHFLILHG�RSHUDWLQJ�FRQGLWLRQV���7KH
8QUHOLDELOLW\�LV�WKH�FRPSOHPHQW�RI�WKH�UHOLDELOLW\��WKDW�LV��WKH�SUREDELOLW\�WKDW�WKH�V\VWHP�GRHV�IDLO
ZLWKLQ�D�GHVLJQDWHG�SHULRG�RI�WLPH�DQG�XQGHU�VSHFLILHG�RSHUDWLQJ�FRQGLWLRQV�

ô Availability

7KH�LQVWDQWDQHRXV�DYDLODELOLW\�LV�WKH�SUREDELOLW\�WKDW�D�V\VWHP�ZLOO�SHUIRUP�VDWLVIDFWRULO\�DW�D
GHVLJQDWHG�SRLQW�LQ�WLPH�ZKHQ�XVHG�XQGHU�VSHFLILHG�RSHUDWLQJ�FRQGLWLRQV���7KH�HYDOXDWLRQ�RI
V\VWHP�DYDLODELOLW\�LQFOXGHV�RSHUDWLQJ�WLPH��WLPH�WR�WHVW��DFWLYH�UHSDLU�WLPH��DGPLQLVWUDWLYH�WLPH�
DQG�ORJLVWLFV�WLPH���7KH�8QDYDLODELOLW\�LV�WKH�FRPSOHPHQW�RI�WKH�DYDLODELOLW\�
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ô Accident Sequence

7KH�FRPELQDWLRQ�RI�DQ�LQLWLDWLQJ�HYHQW�ZLWK�V\VWHP�IDLOXUHV�DQG�VXFFHVVHV��GHILQHG�E\�DQ�HYHQW
WUHH��ZKLFK�UHVXOWV�LQ�D�GHILQDEOH�RXWFRPH���)RU�D�QXFOHDU�SRZHU�SODQW�35$��WKH�RXWFRPH�LV
JHQHUDOO\�FRUH�GDPDJH�

ô Dominant Contributors

)DLOXUHV�ZKLFK�DUH�TXDQWLWDWLYHO\�WKH�ODUJHVW�FRQWULEXWRUV��L�H����GRPLQDQW���WR�WKH�OLNHOLKRRG�RI
WKH�GHILQHG�HYHQW��H�J���DFFLGHQW�VHTXHQFH��V\VWHP�IDLOXUH��

ô Minimal Cut Set

$�PLQLPXP�FRPELQDWLRQ�RI�IDLOXUHV�QHHGHG�WR�UHVXOW�LQ�WKH�RFFXUUHQFH�RI�WKH�HYHQW�RI�LQWHUHVW
�H�J���DFFLGHQW�VHTXHQFH��V\VWHP�IDLOXUH��

ô Consequence

$�PHDVXUH�RI�WKH�GHJUHH�RI�GDPDJH�RU�ORVV�H[SHULHQFHG�JLYHQ�D�SDUWLFXODU�DFFLGHQW�VHTXHQFH�
)RU�D�QXFOHDU�SRZHU�SODQW�35$��DQ�DFFLGHQW�VHTXHQFH�FRQVHTXHQFH�LV�JHQHUDOO\�WKH�DQWLFLSDWHG
RIIVLWH�UDGLDWLRQ�GRVH�WR�WKH�SRSXODWLRQ�VXUURXQGLQJ�WKH�SODQW�

ô Fault Tree Linking

$�WHFKQLTXH�ZKHUHE\�WKH�IDXOW�WUHH�ORJLF�LV�FRPELQHG�ZLWK�WKH�HYHQW�WUHH�ORJLF��L�H���VXFFHVVHV
DQG�IDLOXUHV��UHVXOWLQJ�LQ�D�ORJLF�H[SUHVVLRQ�IRU�HDFK�VHTXHQFH�LQ�WKH�HYHQW�WUHH�
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1.6 Major Steps The "NUREG-1150 Type" PRA Process

ô 7KH�RXWSXW�RI�WKH�/HYHO���35$�LV�WKH�FRUH�GDPDJH�IUHTXHQF\�DQG�LQFOXGHV��

���,GHQWLILFDWLRQ�RI�DFFLGHQW�VHTXHQFHV�DQG�WKHLU�IUHTXHQFLHV�

���,GHQWLILFDWLRQ�RI�GRPLQDQW�FRQWULEXWRUV�WR�FRUH�GDPDJH�

���&ODVVLILFDWLRQ�RI�DFFLGHQW�VHTXHQFHV�LQWR�3ODQW�'DPDJH�6WDWHV�

ô (YHQW�WUHH�DQG�IDXOW�WUHH�DQDO\VLV�DUH�PRVW�FRPPRQO\�XVHG�LQ�/HYHO���35$�
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Event Trees

ô (YHQW�WUHHV�DUH�ORJLFDO�UHSUHVHQWDWLRQV�RI�VLJQLILFDQW�SODQW�UHVSRQVHV�WR�LQLWLDWLQJ�HYHQWV�

� (DFK�VHTXHQFH�UHVXOWV�LQ�HLWKHU�D�VDIH�FRQGLWLRQ��H�J���VDIH�VKXWGRZQ��RU�DQ
DFFLGHQW�FRQGLWLRQ��H�J���FRUH�GDPDJH��

� (YHQW�WUHHV�UHODWH�V\VWHPV�DQG�IXQFWLRQV�WR�D�SDUWLFXODU�VHTXHQFH�SURJUHVVLRQ�

� (YHQW�WUHHV�SURYLGH�DQ�HQG�WR�HQG�WUDFHDELOLW\�RI�DFFLGHQW�VHTXHQFHV�

ô (YHQW�WUHHV�SURYLGH�D�WUDFHDEOH�ZD\�WR�SHUIRUP�WKH�IROORZLQJ�IXQFWLRQV�

� ,GHQWLI\�DFFLGHQW�VHTXHQFHV�

� ,GHQWLI\�HVVHQWLDO�VDIHW\�V\VWHP�IXQFWLRQV�

� 4XDQWLI\�VHTXHQFH�IUHTXHQFLHV�
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Fault Trees

ô )DXOW�WUHHV�DUH�ORJLFDO�UHSUHVHQWDWLRQV�RI�WKH�FUHGLEOH�IDLOXUHV�WKDW�FDQ�FDXVH�DQ
XQGHVLUHG�HYHQW�WR�RFFXU�

� 7KH�XQGHVLUHG�HYHQW�LV�VWDWHG�DW�WKH�WRS�RI�WKH�IDXOW�WUHH�

� 7KH�IDXOW�WUHH�JDWHV�VSHFLI\�WKH�ORJLFDO�FRPELQDWLRQV�RI�EDVLF�HYHQWV�WKDW�OHDG�WR
WKH�WRS�HYHQW�

� )DXOW�WUHHV�FDQ�EH�XVHG�WR�LGHQWLI\�V\VWHP��ZHDNQHVVHV��

� )DXOW�WUHHV�FDQ�KHOS�WR�UHFRJQL]H�LQWHUUHODWLRQVKLSV�EHWZHHQ�IDXOW�HYHQWV�

� 6$3+,5(�HYDOXDWHV�WKH�IDXOW�WUHH�WR�ILQG�V\VWHP�PLQLPDO�FXW�VHWV�DQG�WKH�V\VWHP
IDLOXUH�SUREDELOLW\�

ô Fault trees consist of logic gates and basic events as inputs into the logic gates.
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Logic Gates

5HSUHVHQW�WKH�%RROHDQ�RSHUDWLRQ��H�J���XQLRQ��LQWHUVHFWLRQ��RI�WKH�LQSXW�HYHQWV�

Basic Events

5HSUHVHQW�D�IDXOW�VXFK�DV�D�KDUGZDUH�IDLOXUH��KXPDQ�HUURU��RU�DQ�DGYHUVH�FRQGLWLRQ�

1.7 Accident Sequence Quantification Steps

¶ /LQN�IDXOW�PRGHOV�WR�WKH�HYHQW�WUHH�VHTXHQFHV�

· (YDOXDWH�HDFK�DFFLGHQW�VHTXHQFH�IRU�PLQLPDO�FXW�VHWV�

¸ 4XDQWLI\�WKH�DFFLGHQW�VHTXHQFH�PLQLPDO�FXW�VHWV�ZLWK�HYHQW�GDWD�

¹ $GG�RSHUDWRU�UHFRYHU\�DFWLRQV�DQG�FRPPRQ�FDXVH�IDLOXUHV��LI�QRW�DOUHDG\�LQ�WKH
IDXOW�WUHH�DQG�HYHQW�WUHH�ORJLF�PRGHOV��

º 'HWHUPLQH�WKH�GRPLQDQW�DFFLGHQW�VHTXHQFHV�

» 3DUWLWLRQ�WKH�DFFLGHQW�VHTXHQFHV�LQWR�DSSURSULDWH�SODQW�GDPDJH�VWDWH�ELQV�

¼ 3HUIRUP�VHQVLWLYLW\��LPSRUWDQFH��DQG�XQFHUWDLQW\�DQDO\VLV�RQ�WKH�DFFLGHQW
VHTXHQFHV�

1.8 Installation of SAPHIRE

ô 7R�LQVWDOO�

� 3ODFH�WKH�LQVWDOODWLRQ�GLVN�ODEHOHG��³6$3+,5(�'LVN���´�WKH�IORSS\�GLVN
GULYH�

� )URP�WKH�:LQGRZV�����RU�17��6WDUW�%DU��FOLFN�5XQ�
� ,Q�WKH�2SHQ�ILHOG��W\SH�D�?6(783�RU�%URZVH�IRU�WKH�VHWXS�ILOH�RQ�WKH�IORSS\�GLVN��
� &KRRVH�2N�
� 7KH�6HWXS�SURJUDP�SURPSWV�\RX�WKURXJK�WKH�LQVWDOODWLRQ�SURFHVV���)ROORZ�WKH

LQVWUXFWLRQV�RQ�WKH�VFUHHQ�
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ô 7KH�LQVWDOODWLRQ�SURJUDP�ZLOO�PDNH�DQ�LQVWDOODWLRQ�VXEGLUHFWRU\�LI�QHHGHG�

� $Q\�GDWDEDVHV��VXFK�DV�WKH�'(02�GDWDEDVH��ZLOO�EH�FRQWDLQHG�LQ�D�VXEGLUHFWRU\
LQ�WKH�GHVWLQDWLRQ�GLUHFWRU\��H�J���6$)��?'(02��

� 7KH�GDWDEDVH�VXEGLUHFWRU\�ZLOO�FRQWDLQ�WKH�UHODWLRQDO�GDWDEDVH�ILOHV�
� �,';�ILOHV�FRQWDLQ�GDWD�LQGLFHV�
� �%/.�ILOHV�FRQWDLQ�YDULDEOH�OHQJWK�GDWD��H�J���FXW�VHWV��
� �'$7�ILOHV�FRQWDLQ�DFWXDO�GDWD�DQG�GDWD�SRLQWHUV�

1.9 SAPHIRE Constants

7KH�6$3+,5(�&RQVWDQWV�GLDORJV�DUH�XVHG�WR�FXVWRPL]H�WKH�6$3+,5(�FRGH�

ô )RXU�FRQVWDQWV�GLORDJV�DUH�DYDLODEOH�

� �*HQHUDO��LQIRUPDWLRQ
� �&XW�6HWV��LQIRUPDWLRQ
� )DXOW�WUHH�JUDSKLFV�GHIDXOW�YDOXHV
� (YHQW�WUHH�JUDSKLFV�GHIDXOW�YDOXHV

ô 7KH�FRQVWDQWV�FDQ�EH�PRGLILHG�E\�
¶ 8VLQJ�WKH�PRXVH�WR�PRYH�WR�D�SDUWLFXODU�ILHOG�
· &KDQJH�WKH�FRQVWDQW�V��DQG�VHOHFW�WKH�QH[W�'HILQH�&RQVWDQWV�GLDORJ�
¸ &OLFN�6DYH�WR�VDYH�DOO�\RXU��FRQVWDQW��FKRLFHV�IRU�WKH�SURMHFW�WKDW�LV�FXUUHQWO\

VHOHFWHG�

- &KRRVH�*OREDO�6DYH�WR�VDYH�\RXU��FRQVWDQW��FKRLFHV�WR�D�FHQWUDO�VWRUDJH�ILOH�
- &KRRVH�*OREDO�/RDG�WR�ORDG�WKH�FRQVWDQWV�VWRUHG�LQ�WKH�FHQWUDO�VWRUDJH�ILOH�

7,3��2QFH�WKH�FRQVWDQWV�DUH�FKDQJHG�WR�WKH�GHVLUHG�VHWWLQJV��FOLFN�WKH�*OREDO�6DYH
EXWWRQ���7KHQ��ZKHQ�\RX�VHOHFW�DQRWKHU�GDWDEDVH��\RX�FDQ�UHWULHYH�WKH�VHWWLQJV�E\�FOLFNLQJ
WKH�*OREDO�/RDG�EXWWRQ���$OVR��ZKHQ�\RX�VWDUW�D�QHZ�GDWDEDVH�IURP�VFUDWFK��WKH�FRQVWDQWV
VWRUHG�E\�WKH��*OREDO�6DYH��RSWLRQ�ZLOO�EH�XVHG�DV�WKH�LQLWLDO�GHIDXOWV�
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ô 7KH�IROORZLQJ�FRQVWDQW�VFUHHQV�VKRXOG�WR�EH�DFFHVVHG�DQG�WKH�DSSURSULDWH�VHWWLQJV
PDGH�SULRU�WR�FUHDWLQJ�D�QHZ�3URMHFW�RU�EHIRUH�FOLFNLQJ�WKH�*OREDO�6DYH�EXWWRQ�

"General" constants screen

7KH�JHQHUDO�FRQVWDQW�VFUHHQ�DOORZV�IRU�JHQHUDO�XVH�LQIRUPDWLRQ�WR�EH�DGGHG�

7KH�³8QFHUWDLQW\�9DOXHV´�RSWLRQ�VHWV�WKH�GHIDXOW�XQFHUWDLQW\�DQDO\VLV�W\SH�E\�VHOHFWLQJ�HLWKHU
/DWLQ�+\SHUFXEH�RU�0RQWH�&DUOR�UDGLR�EXWWRQ���$OVR��WKH�UDQGRP�VHHG�DQG�QXPEHU�RI�VDPSOHV
FDQ�EH�VSHFLILHG�

7KH�³,PSRUWDQFH�0HDVXUHPHQW�7\SH´�RSWLRQ�VHWV�WKH�GHIDXOW�LPSRUWDQFH�PHDVXUH�WR�EH
UHSRUWHG�ZKHQ�DQ�LPSRUWDQFH�PHDVXUH�UHSRUW�LV�RXWSXWWHG�
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"Cut Set-attributes" constants screen

7KH�&XW�6HW�*HQHUDWLRQ�RSWLRQV�DUH�XVHG�ZKHQ�JHQHUDWLQJ�ERWK�IDXOW�WUHH�DQG�VHTXHQFH�FXW
VHWV���7KH�RSWLRQV�PDUNHG�E\�D�FKHFN�LQ�WKH�ER[�DQG�WKH�YDOXH�VSHFLILHG�ZLOO�EH�XVHG�ZKHQ
JHQHUDWLQJ�HLWKHU�IDXOW�WUHH�RU�HYHQW�WUHH�FXW�VHWV�

7,3���0DNH�VXUH�WKH��VROYH�VHTXHQFHV�ZLWK�IDXOW�WUHHV��RSWLRQ�LV�FKHFNHG�LQ�RUGHU�WR�WHOO�6$3+,5(
WR�XVH�WKH�IDXOW�WUHH�ORJLF�ZKHQ�JHQHUDWLQJ�DFFLGHQW�VHTXHQFH�FXW�VHWV���$OVR��PDNH�VXUH�WKDW�WKH
�DXWR�DSSO\�UHFRYHU\�UXOHV��RSWLRQ�LV�FKHFNHG�LQ�RUGHU�WR�WHOO�6$3+,5(�WR�DXWRPDWLFDOO\�DSSO\
UHFRYHU\�UXOHV��LI�WKH\�DUH�GHILQHG��WR�WKH�FXW�VHWV�DIWHU�JHQHUDWLRQ�

7KH�“0LVVLRQ�WLPH” �ILHOG�VSHFLILHV�WKH�GHIDXOW�PLVVLRQ�WLPH���7KH�GHIDXOW�PLVVLRQ�WLPH�LV�XVHG
RQO\�IRU�WKRVH�EDVLF�HYHQWV�WKDW�KDYH�D�PLVVLRQ�WLPH�RI�]HUR�

7KH�³4XDQWLILFDWLRQ�0HWKRG´�RSWLRQ�VSHFLILHV�ZKLFK�DQDO\VLV�PHWKRG�WR�XVH�ZKHQ�TXDQWLI\LQJ�WKH
FXW�VHWV�
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"Fault Tree Graphics" constants screen

7KH�IDXOW�WUHH�JUDSKLF�FRQVWDQW�VFUHHQ�VKRXOG�EH�YHULILHG�SULRU�WR�FUHDWLQJ�DQ\�IDXOW�WUHH�JUDSKLFV�
&KHFN�WR�PDNH�VXUH�WKDW�WKH�JUDSKLFDO�FRORUV�WKDW�DUH�VHOHFWHG�ZLOO�UHVXOW�LQ�D�UHDGDEOH�IDXOW�WUHH
�H�J���GR�QRW�VHOHFW�EODFN�OLQHV�RQ�D�EODFN�EDFNJURXQG����7KH�FRQVWDQWV�VKRZQ�DERYH�DUH�IRU
LOOXVWUDWLRQ�SXUSRVHV��FKDQJH�WKH�FRORU�IRQW�VFKHPH�WR�\RXU�SUHIHUHQFHV�
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"Event Tree Graphics" constants screen

7KH�HYHQW�WUHH�JUDSKLF�FRQVWDQW�VFUHHQ�VKRXOG�EH�YHULILHG�SULRU�WR�FUHDWLQJ�DQ\�HYHQW�WUHH
JUDSKLFV����&KHFN�WR�PDNH�VXUH�WKDW�WKH�JUDSKLFDO�FRORUV�WKDW�DUH�VHOHFWHG�ZLOO�UHVXOW�LQ�D�UHDGDEOH
HYHQW�WUHH��H�J���GR�QRW�VHOHFW�EODFN�OLQHV�RQ�D�EODFN�EDFNJURXQG����7KH�FRQVWDQWV�VKRZQ�DERYH
DUH�IRU�LOOXVWUDWLRQ�SXUSRVHV��FKDQJH�WKH�FRORU�IRQW�VFKHPH�WR�\RXU�SUHIHUHQFHV�
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2. DATABASE CONCEPTS
6HFWLRQ���SUHVHQWV�DQ�RYHUYLHZ�RI�WKH�6$3+,5(�GDWDEDVH�VWUXFWXUH��,QFOXGHG�LQ�WKLV�VHFWLRQ�DUH
GLVFXVVLRQV�RI�6$3+,5(�SURMHFWV��EDVH�FDVH�YHUVXV�FXUUHQW�FDVH��EDVH�FDVH�XSGDWHV��DQG
FKDQJH�VHWV�

ô 'HILQH�WKH�WZR�PDMRU�SDUWV�RI�WKH�6$3+,5(�SURMHFW�WKDW�VWRUH�GDWD�
ô $GG�DQG�VHOHFW�D�QHZ�SURMHFW�
ô ([SODLQ�WKH�*HQHUDWH�(YHQW�'DWD�RSWLRQ�
ô 6WDWH�WKH�JHQHUDO�FRQFHSWV�IRU�XVLQJ�FKDQJH�VHWV�

2.1 SAPHIRE Projects

ô ,Q�6$3+,5(��WKH�WHUP��SURMHFW��UHSUHVHQWV�D�VLQJOH��VSHFLILF�GDWD�EDVH�

ô :KHQ�VWDUWLQJ�D�35$��D�SURMHFW�PXVW�EH�FUHDWHG��YLD�WKH�)LOH�Þ�1HZ�3URMHFW�RSWLRQ��
¶ &OLFN�WKH�EDFNXS�XS�RQH�OHYHO�IROGHU�RU�XVH�WKH�PHQX�EDU�WR�VHOHFW�WKH�GLUHFWRU\

ZKHUH�WKH�QHZ�SURMHFW�LV�WR�EH�DGGHG�
· 5LJKW�FOLFN�WKH�PRXVH�DQG�VFUROO�GRZQ�WR�QHZ�¢�IROGHU
¸ $GG�WKH�QHZ�IROGHU��QDPH��GLUHFWRU\�IRU�WKH�SURMHFW�
¹ 6HOHFW�WKH�QHZO\�FUHDWHG�SURMHFW�IROGHU
º ,Q�WKH�ILOH�QDPH�ILHOG��W\SH�LQ�WKH�SURMHFW�QDPH��XS�WR����FKDUDFWHUV��
» 7KH�SURMHFW�FDQ�QRZ�EH�PRGLILHG�XVLQJ��0RGLI\�¢�3URMHFW��

ô 7R�DFFHVV�D�SDUWLFXODU�SURMHFW��WKH�SURMHFW�PXVW�EH�VHOHFWHG��YLD�WKH�)LOH�Þ�2SHQ
3URMHFW�RSWLRQ��

� 0RGLILFDWLRQV�WR�D�GDWD�EDVH��H�J���D�QHZ�IDXOW�WUHH�LV�GHYHORSHG��DUH�DOZD\V
PDGH�WR�WKH�FXUUHQWO\�VHOHFWHG�SURMHFW�

� )RU�D�JLYHQ�SURMHFW��RQO\�RQH�OLVW�LV�NHSW�IRU�DOO�W\SHV�RI�LQIRUPDWLRQ���7KXV��ZLWKLQ
D�SURMHFW��RQO\�D�VLQJOH�FRS\�RI�D�SDUWLFXODU�IDXOW�WUHH��HYHQW�WUHH��RU�EDVLF�HYHQW�LV
HYHU�VWRUHG�LQ�WKH�GDWD�EDVH�

ô (DFK�SURMHFW�LV�FRQWDLQHG�ZLWKLQ�D�VHSDUDWH�VXEGLUHFWRU\�LQ�WKH�6$3+,5(�GLUHFWRU\�

Project (Definition)

$�JURXS�RI�IDXOW�WUHH�ORJLF�DQG�JUDSKLFV��HYHQW�WUHHV�DQG�VHTXHQFHV��EDVLF�HYHQWV�DQG�UHODWHG
GDWD��FXW�VHWV��DQDO\VLV�UHVXOWV��DQG�GHVFULSWLRQV�
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2.2 Base Case Versus Current Case Data

ô %DVH�FDVH�DQG�FXUUHQW�FDVH�DUH�WZR�VHSDUDWH�SDUWV�RI�D�SURMHFW�GDWD�EDVH�

� %DVH�&DVH�GDWD�LV�VWRUHG�LQ�WKH�GDWD�EDVH�ILOHV�DV�D��SHUPDQHQW��UHFRUG
� &XUUHQW�&DVH�GDWD�LV�XVHG�WR�SHUIRUP�DQ�DQDO\VLV��H�J���FXW�VHW�JHQHUDWLRQ�DQG

TXDQWLILFDWLRQ�

Current Case Is

� &UHDWHG��YLD�WKH�*HQHUDWH�RSWLRQ��E\�DSSO\LQJ�FKDQJH�VHWV�WR�EDVH�FDVH�GDWD
� 8VHG�IRU�VHQVLWLYLW\�RU�HYHQW�DQDO\VLV
� 1RW�VWRUHG�LQ�UHODWLRQDO�GDWDEDVH��RQO\�WKH�FKDQJH�VHW�DQG�EDVH�FDVH�GDWD�DUH

VWRUHG�

ô $OO�6$3+,5(�FDOFXODWLRQV�XVH�WKH�GDWD�VWRUHG�LQ�WKH�FXUUHQW�FDVH�

ô &XUUHQW�FDVH�LV�VRPHWLPHV�UHIHUUHG�WR�DV�WKH�$OWHUQDWH�FDVH�

ô &XUUHQW�FDVH�FDQ�HTXDO�WKH�EDVH�FDVH�LQ�RUGHU�WR�UHSURGXFH�WKH�RULJLQDO�VWXG\�VWRUHG�LQ
WKH�EDVH�FDVH�
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ô 2QO\�FXUUHQW�FDVH�FXW�VHWV�FDQ�EH�PRGLILHG�ZLWK�WKH�FXW�VHW�HGLWRU���&KDQJHV�PDGH�WR�FXW
VHWV�ZLWK�WKH�FXW�VHW�HGLWRU�DUH�LPSOHPHQWHG�DXWRPDWLFDOO\��QR�FXW�VHW�XSGDWH�LV
QHFHVVDU\��

2.3 Generating Event Data

*HQHUDWH�RSWLRQ�WUDQVIHUV�EDVH�FDVH�GDWD�WR�WKH�FXUUHQW�FDVH��DIWHU�PDNLQJ�FKDQJHV�VSHFLILHG�LQ
DQ\�PDUNHG�FKDQJH�VHWV����6$3+,5(�DOZD\V�XVHV�FXUUHQW�FDVH�GDWD�IRU�DQDO\VLV���,I�WKH�EDVH
FDVH�GDWD�LV�FKDQJHG�DQG�WKH�*HQHUDWH�RSWLRQ�LV�QRW�SHUIRUPHG��WKH�GDWD�WKDW�LV�XVHG�IRU�WKH
DQDO\VLV�ZLOO�QRW�UHIOHFW�WKH�FKDQJHV�

Change Sets (Definition)

&KDQJH�6HWV�DUH�D�XVHU�GHILQHG�VHW�RI�FKDQJHV�WKDW�ZLOO�EH�DSSOLHG�WR�WKH�EDVH�FDVH�GDWD�ZKHQ
HYHQW�GDWD�LV�WUDQVIHUUHG�WR�WKH�FXUUHQW�FDVH��YLD�WKH�*HQHUDWH�RSWLRQ����0XOWLSOH�FKDQJH�VHWV�FDQ
EH�GHILQHG�DQG�DSSOLHG�VLQJO\�RU�LQ�FRPELQDWLRQ�
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2.4 Rules for Creating and Using Change Sets

ô 1R�OLPLW�WR�WKH�QXPEHU�RI�FKDQJH�VHWV�WKDW�FDQ�EH�DGGHG�WR�WKH�GDWD�EDVH

ô &KDQJH�VHW�QDPH�LV�OLPLWHG�WR����FKDUDFWHUV��WKH�GHVFULSWLRQ�LV�OLPLWHG�WR����FKDUDFWHUV

ô $�FKDQJH�VHW�FDQ�FRQWDLQ�RQH�FODVV�FKDQJH�DQG�XQOLPLWHG�LQGLYLGXDO�SUREDELOLW\�FKDQJHV�

ô 0XOWLSOH�FKDQJH�VHWV�FDQ�EH�XVHG�LQ�FRPELQDWLRQ�WR�FUHDWH�GLIIHUHQW�VHQVLWLYLW\�VWXGLHV�

(;$03/(� 7ZR�FKDQJH�VHWV�DUH�GHYHORSHG���7KH�ILUVW�LV�QDPHG��$��DQG�VHWV�DOO�YDOYHV�WR
IDLOHG���7KH�VHFRQG�LV�QDPHG��%��DQG�VHWV�DOO�SXPSV�WR�IDLOHG���7KH�SRVVLEOH
VFHQDULRV�DUH

&KDQJH�VHW�V��WKDW�DUH�PDUNHG 6HQVLWLYLW\�FDVH

1RQH 2ULJLQDO�EDVH�FDVH�DQDO\VLV

$ 9DOYHV�IDLOHG

% 3XPSV�IDLOHG

$�DQG�% %RWK�YDOYHV�DQG�SXPSV�IDLOHG
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ô 7KH�RUGHU�RI��PDUNLQJ��D�FKDQJH�VHW�LV�LPSRUWDQW����&KDQJH�VHWV�DUH�PDUNHG�E\�GRXEOH�
FOLFNLQJ�WKH�OLQH�FRQWDLQLQJ�WKH�FKDQJH�VHW��

ô 
� 7KH�ILUVW�VHOHFWHG�FKDQJH�VHW�ZLOO�EH�WKH�ILUVW�RQH�WKDW�LV�DSSOLHG
� /DWHU�FKDQJHV�ZLOO�RYHUZULWH�HDUOLHU�RQHV�LI�WKHUH�LV�DQ\�RYHUODS
� :LWKLQ�D�FKDQJH�VHW��LQGLYLGXDO�SUREDELOLW\�FKDQJHV�ZLOO�RYHUZULWH�D�FODVV�FKDQJH

ô %DVH�FDVH�GDWD�DQG�FKDQJHV�PDGH�WR�WKH�FXUUHQW�FDVH�FDQ�EH�YLHZHG�E\�XVLQJ�WKH
*HQHUDWH�Þ�5HSRUW�RSWLRQ�

� 8QDIIHFWHG�HYHQWV �WKRVH�HYHQWV�QRW�PRGLILHG�E\�D�FKDQJH�VHW�
� $IIHFWHG�HYHQWV �WKRVH�HYHQWV�ZKLFK�DUH�PRGLILHG�E\�D�FKDQJH�VHW�
� $OO�HYHQWV �WKH�FXUUHQW�SUREDELOLW\�IRU�DOO�HYHQWV�

Class Changes

&ODVV�FKDQJHV�XVH�D�EDVLF�HYHQW�DWWULEXWH�WR�VHDUFK�IRU�D�FODVV�RI�EDVLF�HYHQWV�WR�ZKLFK�WKH
GHILQHG�FKDQJH�DSSOLHV

� 7KH�VHDUFK�FULWHULD�DUH�GHILQHG�ILUVW
� 7KH�FKDQJH�WR�EH�DSSOLHG�LV�WKHQ�GHILQHG

Single (a.k.a. Probability) Changes

6LQJOH�FKDQJHV�RQO\�PRGLI\�LQGLYLGXDO��XVHU�LGHQWLILHG�EDVLF�HYHQWV

� 7KH�GHVLUHG�EDVLF�HYHQW�LV�VHOHFWHG
� 7KH�FKDQJHV�WR�WKH�EDVLF�HYHQW�DUH�WKHQ�GHILQHG
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2.5 Base Case Update

ô %DVH�FDVH�GDWD�DQG�UHVXOWV�DUH�FKDQJHG�E\�XSGDWLQJ�WKH�EDVH�FDVH���8SGDWLQJ�WKH�EDVH
FDVH�WUDQVIHUV�WKH�FXUUHQW�FDVH�GDWD�RU�UHVXOWV�LQWR�WKH�EDVH�FDVH�

� %DVH�&DVH�UHVXOWV�DUH�VWRUHG�LQ�WKH�GDWD�EDVH�ILOHV�DV�D��SHUPDQHQW��UHFRUG
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3. MENU STRUCTURE
6HFWLRQ���SUHVHQWV�D�EUHDNGRZQ�RI�WKH�PHQX�VWUXFWXUH�RI�6$3+,5(���7KH�PHQX�VWUXFWXUH�LV
VKRZQ�IRU�WKH�PDLQ�PHQX�DQG�WKH�DVVRFLDWHG�VXE�PHQXV���$FFRPSDQ\LQJ�HDFK�PHQX�LWHP�LV�D
GHVFULSWLRQ�RI�WKH�IXQFWLRQ�IRU�WKDW�PHQX�RSWLRQ�

3.1 The Menu Bar

ô 7KH�6$3+,5(�PHQX�EDU�VKRZV�WKH�PDMRU�RSWLRQV���6KRZQ�DERYH�LV�WKH�PHQX�EDU�DQG
WKH�JUDSKLFDO�WRRO�EDU

ô 7KH�FXUUHQWO\�VHOHFWHG�SURMHFW�LV�VKRZQ�LQ�WKH�WLWOH�EDU��WKH�'(02�SURMHFW�LV�VKRZQ�KHUH��

3.2 File

7KH�)LOH�GURS�GRZQ�PHQX�FRQWDLQV�WKH�3URMHFW�RSWLRQV�DQG�([LW�RSWLRQV�
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ô ([LW�OHDYHV�WKH�6$3+,5(�FRGH�

ô 1HZ�3URMHFW�LV�XVHG�WR�FUHDWH�D�QHZ�SURMHFW�

ô 2SHQ�3URMHFW�LV�XVHG�WR�FKDQJH�WKH�FXUUHQW�GDWD�EDVH���7KH�2SHQ�3URMHFW�GLDORJ�DOORZV
\RX�WR�VHOHFW�D�SURMHFW�IRU�XVH�DV�WKH�FXUUHQW�GDWD�EDVH�

ô $�OLVW�RI�WKH�PRVW�UHFHQWO\�XVHG�SURMHFWV�DUH�DOVR�VKRZQ�XQGHU�WKH�ILOH�PHQX�

ô &ORVH�3URMHFW�LV�XVHG�WR�FORVH�WKH�FXUUHQW�ZRUNLQJ�SURMHFW�

3.3 Generate

7KH�*HQHUDWH�GLDORJ�LV�XVHG�WR�XSGDWH�DQG�PRGLI\�WKH�FXUUHQW�FDVH�GDWD���7KLV�RSWLRQ�DOORZV
LQGLYLGXDO�HYHQWV�RU�D�JURXS�RI�HYHQWV�WKDW�PHHW�D�XVHU�GHILQHG�VHDUFK�FULWHULRQ�WR�EH�PRGLILHG�LQ
WKH�KLJKOLJKWHG�FKDQJH�VHW���%\�SUHVVLQJ�WKH�ULJKW�KDQG�PRXVH�EXWWRQ�ZKLOH�WKH�*HQHUDWH�GLDORJ
LV�DFWLYH��D�SRS�XS�PHQX�ZLOO�DSSHDU�ZKLFK�DOORZV�\RX�WR�DGG�D�FKDQJH�VHW��PRGLI\�WKH�QDPH�RU
GHVFULSWLRQ�RI�WKH�KLJKOLJKWHG�FKDQJH�VHW��RU�GHOHWH�WKH�KLJKOLJKWHG�FKDQJH�VHW���'RXEOH�FOLFNLQJ
ZLWK�WKH�OHIW�KDQG�PRXVH�EXWWRQ�PDUNV�XQPDUNV�WKH�KLJKOLJKWHG�FKDQJH�VHW�

3.4 Fault Tree

7KH�)DXOW�7UHH�RSWLRQ�DOORZV�\RX�WR�EXLOG��HGLW�DQG�DQDO\]H�IDXOW�WUHH�PRGHOV���:KHQ�\RX�VHOHFW
WKH�)DXOW�7UHH�RSWLRQ�WKH�)DXOW�7UHH�GLDORJ�DSSHDUV�OLVWLQJ�DOO�V\VWHPV�LQ�WKH�FXUUHQW�SURMHFW���$
SRS�XS�PHQX�SURYLGHV�YDULRXV�IXQFWLRQV��GHSHQGLQJ�RQ�KRZ�PDQ\��LI�DQ\��V\VWHPV�DUH�VHOHFWHG�
7KH�SRS�XS�PHQX�DOORZV�\RX�WR�DGG�D�IDXOW�WUHH�DQG�HGLW�LWV�ORJLF�HLWKHU�JUDSKLFDOO\�RU�E\�ORJLF
HGLWRU���7KH�SRS�XS�PHQX�LV�DOVR�XVHG�WR�JHQHUDWH��TXDQWLI\��PDQLSXODWH��DQG�GLVSOD\�IDXOW�WUHH
FXW�VHWV��7KLV�RSWLRQ�DOORZV�\RX�WR�YLHZ�DQG�HGLW�HYHQW�WUHH�FXW�VHWV��WR�GHYHORS�DQG�DSSO\�FXW�VHW
PDQLSXODWLRQ�UXOHV��DQG�SORW�VHLVPLF�FXUYHV�

3.5 Event Tree

7KH�(YHQW�7UHH�RSWLRQ�LV�XVHG�WR�DGG�QHZ�HYHQW�WUHHV��DFFHVV�WKH�JUDSKLFDO�HYHQW�WUHH�HGLWRU�
JHQHUDWH�VHTXHQFH�ORJLF��HGLW�WRS�HYHQW�VXEVWLWXWLRQ�UXOHV��DQG�HGLW�HYHQW�WUHH�ORJLF���:KHQ�\RX
VHOHFW�WKH�(YHQW�7UHH�RSWLRQ�WKH�(YHQW�7UHH�/LVW�GLDORJ�DSSHDUV�OLVWLQJ�DOO�HYHQW�WUHHV�LQ�WKH
FXUUHQW�SURMHFW�
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3.6 Sequence

7KH�6HTXHQFH�RSWLRQ�LV�XVHG�WR�JHQHUDWH��TXDQWLI\��PDQLSXODWH��DQG�GLVSOD\�HYHQW�WUHH
VHTXHQFHV���7KH�6HTXHQFHV�GLDORJ�DOORZV�\RX�WR�YLHZ�DQG�HGLW�HYHQW�WUHH�FXW�VHWV��WR�GHYHORS
DQG�DSSO\�FXW�VHW�PDQLSXODWLRQ�UXOHV��DQG�SORW�VHLVPLF�FXUYHV���7KLV�RSWLRQ�DOVR�DOORZV�JHQHUDWLRQ
RI�VHTXHQFH�ORJLF��HGLWLQJ�RI�WRS�HYHQW�VXEVWLWXWLRQ�UXOHV��DQG�HGLWLQJ�RI�HYHQW�WUHH�JUDSKLFV
��(7*��ILOH�

3.7 End State

7KH�(QG�6WDWH�RSWLRQ�LV�XVHG�WR�JDWKHU��DQDO\]H��DQG�SHUIRUP�XQFHUWDLQW\�DQDO\VLV�RQ�HQG�VWDWH
FXW�VHWV��FRYHUHG�LQ�$GYDQFHG�6$3+,5(�FRXUVH����7KH�(QG�6WDWH�/LVW�GLDORJ�DOORZV�\RX�WR�UHSRUW
�WR�WKH�9LHZHU�RU�SULQWHU��HQG�VWDWH�FXW�VHWV�JDWKHUHG�DQG�TXDQWLILHG��LPSRUWDQFH�DQDO\VLV��DQG
XQFHUWDLQW\�DQDO\VLV���7KLV�RSWLRQ�DOVR�DOORZV�WKH�HQG�VWDWHV�WR�EH�YLHZHG�DQG�WKH�FXW�VHWV�WR�EH
HGLWHG�

3.8 Modify

7KH�0RGLI\�RSWLRQ�LV�XVHG�WR�DGG��GHOHWH��HGLW��RU�PRGLI\�LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH�GDWD�EDVH�
7KLV�RSWLRQ�DOORZV�\RX�WR�SHUIRUP�WKRVH�IXQFWLRQV�GHVFULEHG�DERYH�WR�WKH�SURMHFW��HYHQW�WUHHV�
V\VWHPV��HQG�VWDWHV��EDVLF�HYHQWV��DWWULEXWHV��DQDO\VLV�W\SHV��JDWHV��KLVWRJUDPV��3	,'V��FKDQJH
VHWV��DQG�IODJ�VHWV�

3.9 Report

7KH�5HSRUW�RSWLRQ�LV�XVHG�WR�GLVSOD\�RU�SULQW�GDWD�EDVH�LQIRUPDWLRQ�UHSRUWV���7KLV�RSWLRQ�DOORZV
\RX�WR�SULQW�LQIRUPDWLRQ�IRU�WKH�SURMHFWV��DWWULEXWHV��EDVLF�HYHQWV��V\VWHPV��HYHQW�WUHHV��HQG�VWDWHV�
VHTXHQFHV��JDWHV��KLVWRJUDPV��DQG�XVHU�LQIRUPDWLRQ���7KH�SURMHFW�RXWSXWV�DUH�GHVFULSWLRQ��WH[W�
DQG�VWDWLVWLFV���7KH�HYHQW�WUHH�RXWSXWV�DUH�ORJLF��LQLWLDWLQJ�HYHQWV��DQG�FURVV�UHIHUHQFH
LQIRUPDWLRQ���7KH�V\VWHP�RXWSXWV�DUH�UHVXOWV��FXW�VHWV��ORJLF��LPSRUWDQFH�UHVXOWV��DQG�FURVV�
UHIHUHQFH�LQIRUPDWLRQ���7KH�VHTXHQFH�RXWSXWV�DUH�UHVXOWV��FXW�VHWV��ORJLF��DQG�LPSRUWDQFH�UHVXOWV�
7KH�HQG�VWDWH�RXWSXWV�DUH�UHVXOWV��FXW�VHWV��LPSRUWDQFH�UHVXOWV��DQG�FURVV�UHIHUHQFH�LQIRUPDWLRQ�
7KH�EDVLF�HYHQW�RXWSXWV�DUH�LQIRUPDWLRQ��SUREDELOLW\�GDWD��XQFHUWDLQW\�GDWD��WUDQVIRUPDWLRQ�GDWD�
DQG�FURVV�UHIHUHQFH�LQIRUPDWLRQ���7KH�DWWULEXWH�RXWSXWV�DUH�V\VWHP�W\SHV��IDLOXUH�PRGHV��ORFDWLRQ�
HYHQW�W\SH��DQG�WUDLQ���7KH�KLVWRJUDP�RXWSXWV�DUH�VXPPDU\��W\SH��QDPH��DQG�GHVFULSWLRQ��DQG
SUREDELOLW\�YDOXHV���7KH�JDWH�RXWSXW�LV�FURVV�UHIHUHQFH�LQIRUPDWLRQ���7KH�XVHU�LQIRUPDWLRQ�RXWSXW
LV�WKH�GHIDXOW�FRQVWDQWV�GHILQHG�LQ�WKH�FRQVWDQWV�GLDORJ�

3.10 Utility

7KH�8WLOLW\�RSWLRQ�LV�XVHG�WR�DUFKLYH�RU�UHFRYHU�WKH�GDWD�EDVH��FKDQJH�GHIDXOW�VHWWLQJV�IRU
KDUGZDUH�W\SH��DQDO\VLV�SDUDPHWHUV��DQG�JUDSKLFDO�RXWSXW��ORDG�RU�H[WUDFW�ILOHV�LQWR�RU�IURP�WKH
FXUUHQW�SURMHFW��RU�ORDG�RU�H[WUDFW�IDXOW�WUHH�DQG�HYHQW�WUHH�JUDSKLFV�
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3.11 Lists and Masks

ô /LVW�%R[HV
0DQ\�GLDORJV�LQ�6$3+,5(�FRQWDLQ�OLVW�ER[HV���,Q�VRPH�OLVW�ER[HV��PXOWLSOH�LWHPV�FDQ�EH
VHOHFWHG�IRU�SURFHVVLQJ���$Q�LWHP�LQ�D�OLVW�LV�VHOHFWHG�LI�LW�KLV�KLJKOLJKWHG���7KHUH�DUH
YDULRXV�ZD\V�WR�VHOHFW�LWHPV�IURP�D�OLVW�

� 7R�VHOHFW�D�VLQJOH�LWHP��FOLFN�ZLWK�WKH�OHIW�PRXVH�EXWWRQ�RQ�WKH�GHVLUHG�LWHP�DQG
OHW�JR�RI�WKH�PRXVH�EXWWRQ�

� 7R�VHOHFW�PXOWLSOH�FRQWLJXRXV�OLVW�LWHPV��\RX�FDQ�FOLFN�ZLWK�WKH�OHIW�PRXVH�EXWWRQ
WKH�RQ�ILUVW�GHVLUHG�LWHP�DQG�GUDJ�XS�RU�GRZQ�WKH�OLVW�WR�WKH�ODVW�GHVLUHG�LWHP�DQG
WKHQ�OHW�JR�RI�WKH�PRXVH�EXWWRQ���$OWHUQDWHO\��FOLFN�WKH�ILUVW�GHVLUHG�LWHP�WKHQ�
KROGLQJ�GRZQ�WKH�6KLIW�NH\��FOLFN�WKH�ODVW�GHVLUHG�LWHP�

� 7R�VHOHFW�PXOWLSOH�QRQ�FRQWLJXRXV�LWHPV�LQ�WKH�OLVW��FOLFN�VHYHUDO�LWHPV�ZKLOH
KROGLQJ�GRZQ�WKH�&RQWURO�NH\�

ô 0DVNV

6RPH�GLDORJV�ZLWK�OLVW�ER[HV�SURYLGH�D�³0DVN´�FDSDELOLW\�ZKLFK�DOORZV�WKH�XVHU�WR�VHOHFW
LWHPV�IURP�WKH�OLVW�EDVHG�RQ�PDWFKHG�FULWHULD���*HQHUDOO\��WKH�PDVN�LV�DSSOLHG�WR�WKH�QDPH
RI�WKH�LWHP��H�J��6\VWHP�QDPH�RU�(YHQW�7UHH�QDPH����7R�XVH�WKH�PDVN�FDSDELOLW\�

¶ ,Q�WKH�PDVN�HQWU\�ILHOG�W\SH�WKH�FRPPRQ�FKDUDFWHUV�RI�WKH�QDPHV�\RX�ZLVK�WR
PDWFK���7KH�ZLOGFDUG�FKDUDFWHUV��DVWHULVN����DQG�TXHVWLRQ�PDUN��"���FDQ�EH�XVHG
LQ�WKH�PDVN���7KH�DVWHULVN�UHSUHVHQWV�RQH�RU�PRUH�FKDUDFWHUV�WKDW�D�JURXS�KDV�LQ
FRPPRQ���7KH�TXHVWLRQ�PDUN�UHSUHVHQWV�D�VLQJOH�FKDUDFWHU�LQ�WKDW�SRVLWLRQ�RI�WKH
VWULQJ�WKDW�D�JURXS�KDV�LQ�FRPPRQ�

· &OLFN�HLWKHU�WKH�,QFOXGH�RU�([FOXGH�UDGLR�EXWWRQ��GHSHQGLQJ�RQ�ZKHWKHU�\RX�ZDQW
WKHVH�LWHPV�LQFOXGHG�LQ�WKH�VHOHFWLRQ�RU�H[FOXGHG�IURP�LW�

¸ &KRRVH�WKH�$SSO\�0DVN�EXWWRQ���$OO�OLVW�LWHPV�ZLWK�QDPHV�PDWFKLQJ�\RXU�PDVN
ZLOO�EH�VHOHFWHG�GHVHOHFWHG�

3.12 Pop-up Menus

0DQ\�GLDORJV�LQ�6$3+,5(�KDYH�SRS�XS�PHQXV�DYDLODEOH���2QFH�WKH�GLDORJ�KDV�EHHQ�FDOOHG�XS��LQYRNH�WKH�SRS�XS
PHQX�E\�SUHVVLQJ�WKH�ULJKW�KDQG�VLGH�PRXVH�EXWWRQ���7KLV�LV�UHIHUUHG�WR�DV�³FOLFNLQJ�WKH�ULJKW�PRXVH�EXWWRQ´���3RS�XS
PHQXV�IRU�DQ\�RQH�GLDORJ�PD\�YDU\��HVSHFLDOO\�ZKHQ�WKH�GLDORJ�FRQWDLQV�D�PXOWLSOH�VHOHFW��OLVW�ER[���7KH�RSWLRQV�LQ�D
SRS�XS�PHQX�DUH�RIWHQ�GHSHQGHQW�XSRQ�ZKHWKHU�RU�QRW��RU�KRZ�PDQ\��LWHPV�DUH�VHOHFWHG�
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4. BUILDING EVENT TREES
6HFWLRQ���LQWURGXFHV�HYHQW�WUHH�WHUPLQRORJ\�DQG�6$3+,5(�HYHQW�WUHH�PRGHOLQJ�FRQYHQWLRQV�
<RX�ZLOO�OHDUQ�KRZ�WR�HQWHU�DQ�HYHQW�WUHH�LQWR�6$3+,5(�XVLQJ�WKH�JUDSKLFDO�HYHQW�WUHH�HGLWRU�DQG
DOVR�KRZ�WR�HGLW�DQ�H[LVWLQJ�HYHQW�WUHH�

4.1 Event Tree Development

(YHQW�WUHHV�DUH�GHYHORSHG�E\�VWDUWLQJ�ZLWK�DQ�LQLWLDWLQJ�HYHQW�DQG�EUDQFKLQJ�WR�WKH�ULJKW�DV
YDULRXV�VDIHW\�IXQFWLRQV�DUH�TXHVWLRQHG�IRU�VXFFHVV��XS�EUDQFK��RU�IDLOXUH��GRZQ�EUDQFK��

(YHQW�WUHHV�SURYLGH�D�WUDFHDEOH�ZD\�WR�SHUIRUP�WKH�IROORZLQJ�IXQFWLRQV�

ô ,GHQWLI\�DFFLGHQW�VHTXHQFHV

ô ,GHQWLI\�HVVHQWLDO�VDIHW\�V\VWHP�IXQFWLRQV

ô 4XDQWLI\�VHTXHQFH�IUHTXHQFLHV

Event Tree Definition

(YHQW�WUHHV�DUH�ORJLFDO�UHSUHVHQWDWLRQV�RI�VLJQLILFDQW�SODQW�UHVSRQVHV�WR�LQLWLDWLQJ�HYHQWV�ZLWK�HDFK
VHTXHQFH�UHVXOWLQJ�LQ�HLWKHU�D�VDIH�FRQGLWLRQ��VXFK�DV�VDIH�VKXWGRZQ��RU�DQ�DFFLGHQW�FRQGLWLRQ
�VXFK�DV�FRUH�GDPDJH��
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4.2 Event Tree Terminology

ô Initiating Event

$Q�LQLWLDWLQJ�HYHQW�LV�DQ�RSHUDWLRQDO�RFFXUUHQFH��VXFK�DV�D�/2&$�RU�WUDQVLHQW��ZKLFK�WKUHDWHQV
IXHO�VDIHW\�DQG�PD\�UHTXLUH�VDIHW\�V\VWHP�UHVSRQVH�WR�DYRLG�FRUH�GDPDJH�

ô Top Event

6DIHW\�V\VWHPV��RU�KXPDQ�DFWLRQV��ZKLFK�DUH�LQWHQGHG�WR�UHVSRQG�WR�WKH�LQLWLDWLQJ�HYHQW�

ô Branching

7KH�EUDQFKLQJ�XQGHUQHDWK�D�WRS�HYHQW�ZKLFK�LQGLFDWHV�VXFFHVV�ZLWK�DQ�XS�EUDQFK�DQG�IDLOXUH
ZLWK�D�GRZQ�EUDQFK�

ô Pass

:KHQ�WKHUH�LV�QR�EUDQFKLQJ�EHQHDWK�D�WRS�HYHQW��WKHQ�WKH�WRS�HYHQW�LV�QRW�UHOHYDQW�WR�WKH
SDUWLFXODU�VHTXHQFH�

ô Sequence

7KH�EUDQFKLQJ�SDWK��IURP�LQLWLDWLQJ�HYHQW�WR�HQGVWDWH��WKDW�LV�D�XQLTXH�FRPELQDWLRQ�RI�V\VWHP
IDLOXUHV�DQG�RU�VXFFHVVHV�

ô Endstate

*URXSV�RI�DFFLGHQW�VHTXHQFHV�ZKLFK�VKDUH�FHUWDLQ�FKDUDFWHULVWLFV�WKDW�WKH�DQDO\VW�GHOLQHDWHV�
7KHVH�PD\�EH�UHODWHG�WR�DELOLW\�WR�SHUIRUP�VHOHFWHG�VDIHW\�IXQFWLRQV�RU�WLPLQJ�RI�IXQFWLRQDO
IDLOXUHV�

4.3 SAPHIRE Event Tree Conventions

ô (YHQW�7UHH�1DPHV� � (YHQW�WUHH�QDPHV�PD\�EH�XS�WR����FKDUDFWHUV���7KH
HYHQW�WUHH�QDPH�GRHV�QRW�KDYH�WR�EH�WKH�VDPH�DV�WKH
LQLWLDWLQJ�HYHQW�QDPH�

ô 7RS�(YHQW�1DPHV � ���FKDUDFWHUV�DOORZHG�
ô ,QLWLDWLQJ�(YHQW � 2QO\���LQLWLDWLQJ��HYHQW�DOORZHG�SHU�HYHQW�WUHH�
ô 2.��#��6XFFHVV � ,I�WKH�HQGVWDWH�FROXPQ�HQWU\�LV�2.��#��RU�6XFFHVV��ORJLF

IRU�WKDW�VHTXHQFH�ZLOO�QRW�EH�GHYHORSHG��DQG�WKH
VHTXHQFH�ZLOO�QRW�EH�DQDO\]HG�
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ô %UDQFK � 6$3+,5(�DOZD\V�XVHV�VXFFHVV�IRU�WKH�XS�EUDQFK�DQG
IDLOXUH�IRU�WKH�GRZQ�EUDQFK�

ô 7UDQVIHU�7UHHV � $Q�HYHQW�WUHH�FDQ�EUDQFK�WR�DQRWKHU�HYHQW�WUHH�E\�XVLQJ
WUDQVIHUV���<RX�PXVW�LQGLFDWH�WKDW�D�WUDQVIHU�LV�WR�EH
LQYRNHG�DQG�VSHFLI\�WKH�WUDQVIHU�HYHQW�WUHH�ILOH�QDPH�
7KH�ILUVW�WRS�HYHQW�LQ�WKH�WUDQVIHU�WUHH�LV�LJQRUHG�E\�WKH
FDOOLQJ�WUHH�

� 'R�QRW�XVH���"��?��#�����RU�VSDFH�LQ�QDPLQJ�6$3+,5(�HYHQW�WUHHV�RU�WRS�HYHQWV�

Example Event Tree

4.4 Event Tree Graphics Features Guide

Beginning the editing session

ô 7R�GHYHORS�D�QHZ�HYHQW�WUHH
6$3+,5(�PHQX�EDU���(YHQW�7UHH
(YHQW�7UHH�/LVW�GLDORJ�SRS�XS�PHQX��$GG�(YHQW�7UHH

25

(QWHU�WKH�HYHQW�WUHH�QDPH�
LQLWLDWLQJ�HYHQW�QDPH�DQG
SURYLGH�DQ\�HYHQW�WUHH
GHVFULSWLRQ�WKHQ�SUHVV�2N�
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(YHQW�7UHH�/LVW�GLDORJ�SRS�XS�PHQX��(GLW�*UDSKLFV
(YHQW�7UHH�(GLWRU�PHQX�EDU��)LOH�¢�1HZ��1RZ�SURFHHG�DV�GLVFXVVHG�EHORZ��

(YHQW�7UHH�/LVW�GLDORJ�SRS�XS�PHQX��(GLW�*UDSKLFV

(QWHU�WKH�LQLWLDWLQJ�HYHQW
QDPH�DQG�VHOHFW�WKH
,QLWLDWLQJ�(YHQW�FKHFN�ER[�
�,I�FUHDWLQJ�D�WUDQVIHU�WUHH�
\RX�PD\�GHVHOHFW�WKH�FKHFN
ER[�ZKHQ�WKH�ILUVW�HYHQW�LV
QRW�DQ�LQLWLDWLQJ�HYHQW��

&RQWLQXH�E\�VSHFLI\LQJ�WRS
HYHQW�QDPHV��IURP�OHIW�WR
ULJKW�RQ�\RXU�HYHQW�WUHH��
:KHQ�\RX�KDYH�HQWHUHG�DOO
WKH�WRS�HYHQWV��FKRRVH
'RQH�RQ�D�EODQN�(QWHU
(YHQW�1DPH���GLDORJ�

ô 7R�HGLW�DQ�H[LVWLQJ�ILOH
6$3+,5(�PHQX�EDU���(YHQW�7UHH
(YHQW�7UHH�/LVW�GLDORJ���+LJKOLJKW�WKH�GHVLUHG�HYHQW�WUHH�QDPH�
(YHQW�7UHH�/LVW�GLDORJ�SRS�XS�PHQX��(GLW�*UDSKLFV

Editing event tree branches

ô 7R�DGG�EUDQFKHV�WR�HYHQW�WUHHV
6HOHFW�WKH�EUDQFK�SRLQW�WKHQ�DGG�D�EUDQFK�E\�HLWKHU
(YHQW�7UHH�(GLWRU�PHQX�EDU���(GLW�Þ�$GG�%UDQFK�$ERYH�

25�&KRRVH�WKH�$GG�%UDQFK�$ERYH�EXWWRQ�  �RQ�WKH�WRRO�EDU
$�QHZ�EUDQFK�ZLOO�DSSHDU�LQ�WKH�WUHH�DERYH�WKH�VHOHFWHG�EUDQFK�

ô 7R�GHOHWH�DQ�XQZDQWHG�EUDQFK
8VH�WKH�PRXVH�WR�VHOHFW�WKH�XQZDQWHG�EUDQFK
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(YHQW�7UHH�(GLWRU�PHQX�EDU���(GLW�Þ�'HOHWH

Editing top events

ô 7R�DGG�D�WRS�HYHQW

&KRRVH�WKH�7RS�REMHFW�EXWWRQ�  �IURP�WKH�EXWWRQ�EDU���7KH�FXUVRU�ZLOO�FKDQJH
WR�WKH�7RS�FXUVRU�  �
0RYH�WKH�FXUVRU�WR�WKH�WRS�LQ�WKH�KHDGHU�WKDW�ZLOO�IROORZ�WKH�WRS�\RX�DUH�DGGLQJ�
7R�DGG�D�WRS�DIWHU�WKH�ULJKWPRVW�WRS��PRYH�WKH�FXUVRU�WR�WKH�ULJKW�RI�WKH�ODVW�WRS�
&OLFN�WKH�PRXVH����7KH�(GLW�(YHQW�GLDORJ�ZLOO�EH�GLVSOD\HG

ô 7R�GHOHWH�D�WRS�HYHQW

6HOHFW�WKH�WRS�XVLQJ�WKH�3LFN�  �FXUVRU�
&KRRVH�'HOHWH�IURP�WKH�(GLW�PHQX�RU�SUHVV�WKH�'HOHWH�NH\

ô 7R�PRGLI\�WRS�HYHQW

6HOHFW�WKH�WRS�XVLQJ�WKH�3LFN�  �FXUVRU�
5LJKW�FOLFN���7KH�(GLW�(YHQW�GLDORJ�ZLOO�EH�GLVSOD\HG

The Edit Event Dialog

7KLV�GLDORJ�LV�GLVSOD\HG�DQ\�WLPH�D�WRS�LV�DGGHG�RU�PRGLILHG�
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1DPH���7KH�QDPH�RI�WKH�WRS���0D[LPXP�RI����DOSKDQXPHULF�FKDUDFWHUV�
'HVFULSWLRQ���%ULHI�GHVFULSWLRQ�RI�WKH�WRS���0D[LPXP�RI�����DOSKDQXPHULF�XSSHU��FDQ�ORZHUFDVH

FKDUDFWHUV�
,QLWLDWLQJ�(YHQW���6HOHFW�WKLV�FKHFN�ER[�LI�WKH�WRS�LV�DQ�LQLWLDWLQJ�HYHQW����2QO\�HQDEOHG�RQ�WKH�ILUVW

RU�OHIWPRVW�WRS��
7RS�$WWULEXWHV

'LVSOD\�1DPH�&RXQW���7KH�QXPEHU�RI�FKDUDFWHUV�RI�HYHU\�WRS�QDPH�WR�GLVSOD\�
'HVFULSWLRQ�/LQHV���7KH�QXPEHU�RI�OLQHV�RI�HYHU\�GHVFULSWLRQ�WR�GLVSOD\�
1DPH�)RQW���7KH�IRQW�VL]H�RI�HYHU\�WRS�HYHQW�QDPH�LQ�WUXH�IRQWV�
'HVFULSWLRQ�)RQW���7KH�IRQW�VL]H�RI�HYHU\�WRS�HYHQW�GHVFULSWLRQ�LQ�WUXH�IRQWV�
7RS�%DFNJURXQG�&RORU�±�7KH�EDFNJURXQG�FRORU�IRU�WKH�WRS�KHDGHU�

3DJH�$WWULEXWHV
%DFNJURXQG�&RORU���7KH�EDFNJURXQG�FRORU�IRU�WKH�HYHQW�WUHH�VFUHHQ�
/LQH�&RORU�±�7KH�EUDQFK�OLQH�FRORU�
/HDI�+HLJKW�±�7KH�EUDQFK�VSDFLQJ�LQ�WUXH�IRQW�VL]H�

2.���$SSO\�WKH�DGGLWLRQ�RI�RU�PRGLILFDWLRQV�WR�WKH�WRS�DQG�FORVH�WKH�(GLW�(YHQW�GLDORJ�
&DQFHO���&ORVH�WKH�(GLW�(YHQW�GLDORJ�ZLWKRXW�DSSO\LQJ�WKH�DGGLWLRQ�RI�RU�PRGLILFDWLRQV�WR�WKH�WRS�

Editing/Adding Endstates

ô 7R�PRGLI\�VHTXHQFH�FROXPQV��RU�WXUQ�RQ�HQGVWDWH�DQG�VHTXHQFH�KHDGHUV�

&KRRVH�WKH�3LFN�EXWWRQ�  �

3RVLWLRQ�WKH�3LFN�FXUVRU�  �RYHU�WKH�VHTXHQFH�KHDGHU�ILHOG�
5LJKW�FOLFN���7KH�(GLW�6HTXHQFH�+HDGHU�GLDORJ�ZLOO�EH�GLVSOD\HG��VHH�ILJXUH
EHORZ��

ô 7R�HQWHU�HLWKHU�HQGVWDWH�QDPHV�RU�VHTXHQFH�QDPHV

6HOHFW�WKH�GHVLUHG�VHTXHQFH�EUDQFK�XVLQJ�WKH�3LFN�  �FXUVRU�OHIW�FOLFN�
5LJKW�FOLFN���7KH�(GLW�6HTXHQFH�GLDORJ�ZLOO�EH�GLVSOD\HG�

ô 7R�PRYH�D�KHDGHU�RQ�WKH�JUDSKLF��IRU�H[DPSOH��WR�VKLIW�WKH�HQGVWDWH�FROXPQ�WR�WKH�OHIW�

&KRRVH�WKH�3LFN�EXWWRQ�  �

3RVLWLRQ�WKH�3LFN�FXUVRU�  �RYHU�OLQH�WR�WKH�OHIW�RI�WKH�GHVLUHG�FROXPQ�
7KH�FXUVRU�ZLOO�FKDQJH�WR�WKH�+HDGHU�FXUVRU�  �
'UDJ�WKH�PRXVH�WR�WKH�GHVLUHG�ORFDWLRQ���7KH�FXUVRU�ZLOO�FKDQJH�WR�WKH�0RYH
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&ROXPQ�FXUVRU�  �
5HOHDVH�WKH�PRXVH�DQG�WKH�FROXPQ�ZLOO�EH�PRYHG�WR�WKH�QHZ�ORFDWLRQ�

Edit Sequence Header Dialog

&KDQJH�WKH�VHTXHQFH�LQIRUPDWLRQ�FROXPQ�KHDGHU�LQ�WKH�GLDJUDP�

)LUVW���7KH�VHTXHQFH�KHDGHU���0D[LPXP����DOSKDQXPHULF�FKDUDFWHUV���7KLV�FROXPQ�ZLOO�DOZD\V
FRQWDLQ�WKH�VHTXHQFH�QDPHV����6HOHFW�WKH�FKHFN�ER[�WR�WKH�OHIW�RI�WKLV�ILHOG�WR�GLVSOD\�WKLV
FROXPQ�

6HFRQG���7KH�VHTXHQFH�HQG�VWDWH�KHDGHU���0D[LPXP����DOSKDQXPHULF�FKDUDFWHUV���7KLV�FROXPQ
ZLOO�DOZD\V�FRQWDLQ�WKH�HQG�VWDWH�RU�WUDQVIHU�WUHH�QDPHV���6HOHFW�WKH�FKHFN�ER[�WR�WKH�OHIW
RI�WKLV�ILHOG�WR�GLVSOD\�WKLV�FROXPQ�

7KLUG�� 7KH�KHDGHU�IRU�WKH�WKLUG�VHTXHQFH�FROXPQ���0D[LPXP����DOSKDQXPHULF�FKDUDFWHUV���7KLV
FDQ�EH�XVHG�IRU�ZKDWHYHU�LQIRUPDWLRQ�\RX�ZLVK��KRZHYHU��RSWLRQV�H[LVW�HOVHZKHUH�LQ�WKH
SURJUDP�WKDW�ZLOO�SXW�WKH�IUHTXHQF\�RI�WKLV�VHTXHQFH�LQ�WKLV�FROXPQ����6HOHFW�WKH�FKHFN
ER[�WR�WKH�OHIW�RI�WKLV�ILHOG�WR�GLVSOD\�WKLV�FROXPQ�

)RXUWK���([WUD�LQIRUPDWLRQ�IRU�WKH�VHTXHQFH���0D[LPXP����DOSKDQXPHULF�FKDUDFWHUV���7KLV�FDQ
EH�XVHG�IRU�ZKDWHYHU�LQIRUPDWLRQ�\RX�ZLVK���6HOHFW�WKH�FKHFN�ER[�WR�WKH�OHIW�RI�WKLV�ILHOG�WR
GLVSOD\�WKLV�FROXPQ�

2.���&ORVH�WKH�(GLW�6HTXHQFH�+HDGHU�GLDORJ�DQG�DSSO\�WKH�FKDQJHV�WKH�GLDJUDP�
&DQFHO���&ORVH�WKH�(GLW�6HTXHQFH�+HDGHU�GLDORJ�ZLWKRXW�DSSO\LQJ�WKH�FKDQJHV�WR�WKH�GLDJUDP�
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Edit Sequence Dialog

(DFK�VHTXHQFH�SDWK�KDV�VRPH�DGGLWLRQDO�LQIRUPDWLRQ�WKDW�FDQ�KHOS�GHILQH�LW���7KLV�LQIRUPDWLRQ
LQFOXGHV�WKH�QDPH�RI�WKH�VHTXHQFH��WKH�HQG�VWDWH�RI�WKLV�VHTXHQFH��LWV�IUHTXHQF\��DQG�D�XVHU
GHILQHG�ILHOG���,I�WKH�VHTXHQFH�FRQWLQXHV�WKURXJK�DQRWKHU�HYHQW�WUHH�WKHQ�WKH�HQG�VWDWH�LV�WKH
QDPH�RI�WKH�WUDQVIHU�WUHH���<RX�KDYH�DQ�RSWLRQ�WR�GLVSOD\�WKLV�DGGLWLRQDO�LQIRUPDWLRQ�DQG�FKDQJH
LWV�ORFDWLRQ�

6HTXHQFH���7KH�QDPH�RI�WKH�VHTXHQFH���0D[LPXP�RI����DOSKDQXPHULF�FKDUDFWHUV���6HOHFW�WKH
FKHFN�ER[�WR�WKH�OHIW�RI�WKLV�ILHOG�WR�GLVSOD\�WKLV�FROXPQ�
(QG�6WDWH���7KH�QDPH�RI�WKH�VHTXHQFH�HQG�VWDWH���0D[LPXP�RI����DOSKDQXPHULF�FKDUDFWHUV�
6HOHFW�WKH�FKHFN�ER[�WR�WKH�OHIW�RI�WKLV�ILHOG�WR�GLVSOD\�WKLV�FROXPQ�
)UHTXHQF\���([WUD�LQIRUPDWLRQ�FROXPQ����IRU�WKH�VHTXHQFH���&DQ�FRQWDLQ�WKH�IUHTXHQF\�IRU�WKH
VHTXHQFH���0D[LPXP����DOSKDQXPHULF�FKDUDFWHUV���6HOHFW�WKH�FKHFN�ER[�WR�WKH�OHIW�RI�WKLV�ILHOG
WR�GLVSOD\�WKLV�FROXPQ�
([WUD������([WUD�LQIRUPDWLRQ�FROXPQ����IRU�WKH�VHTXHQFH���0D[LPXP����DOSKDQXPHULF
FKDUDFWHUV���6HOHFW�WKH�FKHFN�ER[�WR�WKH�OHIW�RI�WKLV�ILHOG�WR�GLVSOD\�WKLV�FROXPQ�
7UDQVIHU���&KHFN�WKLV�ER[�LI�WKH�VHTXHQFH�FRQWLQXHV�LQ�DQRWKHU�HYHQW�WUHH���7KH�HQG�VWDWH�ILHOG
FRQWDLQV�WKH�QDPH�RI�WKH�WUDQVIHU�HYHQW�WUHH�
)RQW���7KH�IRQW�RI�WKH�LQIRUPDWLRQ�WH[W�
2.���&ORVH�WKH�(GLW�6HTXHQFH�GLDORJ�DQG�DSSO\�WKH�FKDQJHV�WKH�GLDJUDP�
&DQFHO���&ORVH�WKH�(GLW�6HTXHQFH�GLDORJ�ZLWKRXW�DSSO\LQJ�WKH�FKDQJHV�WR�WKH�GLDJUDP�
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Display adjustment

ô 7R�FKDQJH�WKH�YLHZ�RI�WKH�HYHQW�WUHH
)URP�WKH�(YHQW�7UHH�(GLWRU�PHQX�EDU�VHOHFW�9LHZ�Þ�=RRP�

25

6HOHFW�WKH�=RRP�EXWWRQ�  �IURP�WKH�EXWWRQ�EDU�
25

3UHVV�WKH�&WUO�=�NH\�FRPELQDWLRQ�

7KH�FXUVRU�LV�FKDQJHG�WR�WKH�=RRP�FXUVRU  �
0RYH�WKH�FXUVRU�WR�WKH�GHVLUHG�ORFDWLRQ�
7R�]RRP�LQ�RU�PDJQLI\�WKH�GLDJUDP�E\�����

&OLFN�WKH�PRXVH���7KH�GLDJUDP�ZLOO�PDJQLILHG�E\�����
7R�]RRP�RXW�RU�UHGXFH�WKH�GLDJUDP�E\�����

5LJKW�FOLFN�WKH�PRXVH���7KH�GLDJUDP�ZLOO�EH�UHGXFHG�E\�����

� 8VH�WKH�VFUROO�EDUV�WR�FKDQJH�WKH�SRUWLRQ�RI�WKH�GLDJUDP�GLVSOD\HG�LQ�WKH�ZLQGRZ�

ô 7R�UHGUDZ�WKH�GLDJUDP
(YHQW�7UHH�(GLWRU�PHQX�EDU�VHOHFW��9LHZ�Þ�5HIUHVK�

Entering descriptive text

ô 7R�HQWHU�WH[W��IRU�D�WLWOH�RU�RWKHU�GHVFULSWLRQ�

&KRRVH�WKH�7H[W�REMHFW�  �IURP�WKH�WRRO�EDU���7KH�FXUVRU�ZLOO�FKDQJH�WR�WKH

7H[W�FXUVRU�  �
3RVLWLRQ�WKH�WH[W�FXUVRU�DW�WKH�GHVLUHG�ORFDWLRQ�
&OLFN�WKH�PRXVH���7KH�(GLW�7H[W�GLDORJ�ZLOO�EH�GLVSOD\HG�

ô 7R�PRYH�WH[W

6HOHFW�WKH�GHVLUHG�WH[W�XVLQJ�WKH�7H[W�3LFN�FXUVRU�  �
'UDJ�WKH�WH[W�WR�WKH�QHZ�ORFDWLRQ�

ô 7R�PRGLI\�H[LVWLQJ�WH[W�DQG�DWWULEXWHV

6HOHFW�WKH�GHVLUHG�WH[W�XVLQJ�WKH�7H[W�3LFN�FXUVRU�  �
5LJKW�FOLFN���7KH�(GLW�7H[W�GLDORJ�ZLOO�EH�GLVSOD\HG�
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7H[W���'HVFULSWLYH�WH[W�IRU�WKH�HYHQW�WUHH���0D[LPXP�RI�����DOSKDQXPHULF�XSSHU��DQG�ORZHUFDVH
FKDUDFWHUV�

+RUL]RQWDO�-XVWLILFDWLRQ���6HW�WKH�KRUL]RQWDO�DOLJQPHQW�RI�WKH�WH[W�
)RQW���&KRRVH�WKH�IRQW�WR�GLVSOD\�WKLV�WH[W�LQ�
2.���&ORVH�WKH�(GLW�7H[W�GLDORJ�DQG�DGG�RU�PRGLI\�WKH�WH[W�LQ�WKH�GLDJUDP�
&DQFHO���&ORVH�WKH�(GLW�7H[W�GLDORJ�ZLWKRXW�DGGLQJ�RU�PRGLI\LQJ�WKH�WH[W�LQ�WKH�GLDJUDP�

Ending the editing session

ô 7R�VDYH�WKH�HYHQW�WUHH
(YHQW�7UHH�(GLWRU�PHQX�EDU���)LOH�Þ�6DYH�

25�&KRRVH�WKH�6DYH�'LDJUDP�EXWWRQ�  �RQ�WKH�WRRO�EDU
1DPH�WKH�HYHQW�WUHH�ILOH�DV�GLUHFWHG�
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ô 7R�H[LW�ZLWKRXW�VDYLQJ
(YHQW�7UHH�(GLWRU�PHQX�EDU���)LOH�Þ�([LW
&KRRVH�1R�WR�TXLW�ZLWKRXW�VDYLQJ�
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5. BUILDING FAULT TREES
6HFWLRQ���LQWURGXFHV�IDXOW�WUHH�GHYHORSPHQW��6$3+,5(�IDXOW�WUHH�V\PEROV��DQG�6$3+,5(�IDXOW
WUHH�PRGHOLQJ�FRQYHQWLRQV���<RX�ZLOO�OHDUQ�KRZ�WR�HQWHU�DQG�HGLW�IDXOW�WUHHV�E\�XVLQJ�WKH�IDXOW�WUHH
WH[W�HGLWRU�DQG�WKH�JUDSKLFDO�IDXOW�WUHH�HGLWRU�

ô 'HILQH�WKH�SURFHVV�RI�IDXOW�WUHH�GHYHORSPHQW�DQG�LPSRUWDQW�WHUPLQRORJ\�

ô ([SODLQ�WKH�YDULRXV�IDXOW�WUHH�V\PEROV�XVHG�LQ�6$3+,5(

ô 8VLQJ�WKH�IDXOW�WUHH�JUDSKLFV�HGLWRU�LQ�6$3+,5(��FRQVWUXFW�D�IDXOW�WUHH�

ô 8VLQJ�WKH�IDXOW�WUHH�WH[W�HGLWRU�LQ�6$3+,5(��FRQVWUXFW�DQG�HGLW�D�IDXOW�WUHH�

5.1 Fault Tree Development

'HILQLWLRQ��� )DXOW�WUHH�DQDO\VLV�LV�D�GHGXFWLYH�IDLOXUH�DQDO\VLV�PHWKRG�ZKLFK�IRFXVHV�RQ
LGHQWLI\LQJ�DOO�RI�WKH�FUHGLEOH�ZD\V�WKDW�FDQ�FDXVH�DQ�XQGHVLUHG�HYHQW�WR�RFFXU�
7KH�XQGHVLUHG�HYHQW�LV�VWDWHG�DW�WKH�WRS�RI�WKH�IDXOW�WUHH���7KH�IDXOW�WUHH�JDWHV
VSHFLI\�WKH�ORJLFDO�FRPELQDWLRQV�RI�EDVLF�HYHQWV�WKDW�OHDG�WR�WKH�WRS�HYHQW�
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5.2 Basic Event Symbols

%DVLF�(YHQW %R[HG�%DVLF�(YHQW 7DEOH�RI�%DVLF�(YHQWV

8QGHYHORSHG�(YHQW +RXVH�(YHQW 8QGHYHORSHG�7UDQVIHU

ô Basic Event

$�EDVLF�HYHQW�UHSUHVHQWV�D�IDXOW�VXFK�DV�D�KDUGZDUH�IDLOXUH��KXPDQ�HUURU�
RU�DQ�DGYHUVH�FRQGLWLRQ���7KH�FLUFOH�VLJQLILHV�WKDW�WKH�IDXOW�HYHQW�GRHV�QRW
UHTXLUH�IXUWKHU�GHYHORSPHQW�
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ô Boxed Basic Event

$Q�DOWHUQDWH�V\PERO�IRU�D�EDVLF�HYHQW�LV�D�ER[HG�EDVLF�HYHQW
WKDW�SURYLGHV�D�ER[�WR�FRQWDLQ�WKH�GHVFULSWLRQ�RI�WKH�EDVLF
HYHQW�

ô Table of Basic Events

7KH�WDEOH�RI�EDVLF�HYHQWV�V\PERO�DOORZV�XS�WR���EDVLF�HYHQWV�WR
EH�HQWHUHG�LQ�D�VSDFH�VDYLQJ�OD\RXW���7KH�ORJLF�XVHG�E\�WKH�WDEOH
LV�GLFWDWHG�E\�WKH�JDWH�LW�LV�FRQQHFWHG�WR�LQ�WKH�IDXOW�WUHH�

ô Undeveloped Event

7KH�XQGHYHORSHG�HYHQW�GHQRWHV�D�EDVLF�HYHQW�WKDW�LV�DFWXDOO\�D
PRUH�FRPSOH[�HYHQW�WKDW�KDV�QRW�EHHQ�IXUWKHU�GHYHORSHG�E\�IDXOW
WUHH�ORJLF���6$3+,5(�WUHDWV�WKLV�HYHQW��QR�GLIIHUHQWO\�WKDQ�D�EDVLF
HYHQW�

ô House Event

7KH�KRXVH�HYHQW�LV�XVHG�WR�GHQRWH�D�IDLOXUH�WKDW�LV�JXDUDQWHHG�WR�DOZD\V
RFFXU�RU�QHYHU�WR�RFFXU���+RZHYHU��WKH�FDOFXODWLRQ�W\SH�DVVLJQHG�WR�D�EDVLF
HYHQW�HVWDEOLVKHV�ZKHWKHU�RU�QRW��DQ�HYHQW�LV�D�KRXVH�HYHQW���&RQVHTXHQWO\�
DQ\�EDVLF�HYHQW�LQ�6$3+,5(�FDQ�EH�PDGH�LQWR�D�KRXVH�HYHQW�
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ô Undeveloped Transfer

7KH�XQGHYHORSHG�WUDQVIHU�LQGLFDWHV�WKDW�WKH�HYHQW�LV�FRPSOH[�HQRXJK
WR�KDYH�LWV�RZQ�IDXOW�WUHH�ORJLF�GHYHORSHG�HOVHZKHUH��KRZHYHU��WKH
HYHQW�KDV�EHHQ�WUHDWHG�DV�D�EDVLF�HYHQW�LQ�WKH�SUHVHQW�IDXOW�WUHH�

5.3 Logic Gate Symbols

$1'�*DWH 25�*DWH 1�0�*DWH 7UDQVIHU�*DWH ,QKLELW�*DWH

127�$1'
�1$1'���*DWH

127�25��125��
*DWH

�
5LJKW�DQG�/HIW

7UDQVIHU

�
9HUWLFDO�DQG

+RUL]RQWDO�%R[HV
&RQQHFWLQJ

/LQHV

ô AND Gate

$OO�LQSXWV�WR�WKH�$1'�JDWH�PXVW�RFFXU�IRU�IDLOXUH�WR�RFFXU�
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ô OR Gate

$Q\�RQH�LQSXW�WR�WKH�25�JDWH�ZLOO�FDXVH�IDLOXUH�WR�RFFXU�

ô N/M Gate

7KLV�JDWH�VWDWHV�WKDW�1�RI�WKH�0�LQSXW�HYHQWV�PXVW�RFFXU�IRU�IDLOXUH
WR�RFFXU���)RU�D�����JDWH��DQ\�FRPELQDWLRQ�RI���RI�WKH���LQSXW
HYHQWV�PXVW�RFFXU�

ô Transfer Gate

7KLV�JDWH�LV�XVHG�WR�OLQN�ORJLF�VWUXFWXUHV�WRJHWKHU�ZLWKRXW
LQWURGXFLQJ�DQ\�QHZ�ORJLF�RI�LWV�RZQ���7KH�WUDQVIHU�JDWH�LQGLFDWHV
WKDW�ORJLF�LV�FRQWLQXHG�RQ�D�QHZ�SDJH��RU�RQ�WKH�VDPH�SDJH����7KH
WUDQVIHU�JDWH�QDPH�LV�WKH�VDPH�DV�WKH�JDWH�ZKHUH�WKH�ORJLF
FRQWLQXHV��DQG�ZKHQ�WUDQVIHUULQJ�WR�DQRWKHU�SDJH��D�VHSDUDWH�IDXOW
WUHH�ILOH���WKH�JDWH�EHLQJ�WUDQVIHUUHG�WR�PXVW�EH�WKH�WRS�JDWH�RQ�WKH
SDJH����7KH�WRS�JDWH�QDPH�RI�D�IDXOW�WUHH�PXVW�DOZD\V�EH�WKH�IDXOW
WUHH�ILOHQDPH��

ô Inhibit Gate

7KH�RXWSXW�RFFXUV�LI�WKH�VLQJOH�LQSXW�IDXOW�RFFXUV�LQ�WKH�SUHVHQFH�RI
DQ�HQDEOLQJ�FRQGLWLRQ���7KXV��WKH�LQKLELW�JDWH�LV�D�VSHFLDO�W\SH�RI
$1'�JDWH���7KH�HQDEOLQJ�FRQGLWLRQ��RU�FRQGLWLRQLQJ�HYHQW��LV
WUHDWHG�VLPSO\�DV�D�EDVLF�HYHQW�ZLWK�D�SUREDELOLW\�RU�DV�D�KRXVH
HYHQW�
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ô NOT AND (NAND) Gate

7KH�RXWSXW�RFFXUV�LI�DQ\�RQH�RI�WKH�LQSXWV�GRHV�QRW�RFFXU����6HH
H[DPSOH��

ô NAND Gate Example

ô NOT OR (NOR) Gate

7KH�RXWSXW�RFFXUV�LI�QRQH�RI�WKH�LQSXWV�RFFXU����6HH�H[DPSOH��
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ô NOR Gate Example

ô Right Transfer and Left Transfer

7KHVH�V\PEROV�DUH�XVHG�WR�LQGLFDWH�ZKHUH�D�WUDQVIHU�KDV�WDNHQ�SODFH�

ô Vertical and Horizontal Boxes

$�YHUWLFDO�RU�KRUL]RQWDO�ER[�LV�SURYLGHG�WR�DOORZ�IXUWKHU�GHVFULSWLYH
LQIRUPDWLRQ�WR�EH�SODFHG�LQ�WKH�GLDJUDP���6$3+,5(�LJQRUHV�WKHVH
ER[HV�ZKHQ�SURFHVVLQJ�WKH�IDXOW�WUHH�

ô Connecting Lines

&RQQHFWLQJ�OLQHV�FDQ�EH�VROLG�RU�GDVKHG��RU�D�GRWWHG�GDVKHG�OLQH�
&RQQHFWLQJ�OLQHV�FDQ�EH�GUDZQ�DW�DQ\�DQJOH���7KH�FRQQHFWLQJ�OLQHV
PXVW�DFWXDOO\�WRXFK�WKH�V\PEROV�EHLQJ�FRQQHFWHG�DW�WKH�LQSXW�RU�RXWSXW
VWHP�RQ�WKH�V\PERO�
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5.4 SAPHIRE Fault Tree Conventions

ô Fault Tree File Name

7KH�IDXOW�WUHH�QDPH�PXVW�EH�WKH�VDPH�DV�WKH�WRS�JDWH�QDPH���7KH�IDXOW�WUHH�QDPH�FDQ�EH���
FKDUDFWHUV�ORQJ�

ô Fault Tree Gates

���FKDUDFWHUV�DOORZHG�

ô Basic Event Names

���FKDUDFWHUV�DOORZHG�

ô Top Gates

$�IDXOW�WUHH��SDJH��RU�ILOH�FDQ�KDYH�RQO\�RQH�WRS�JDWH�

ô SAPHIRE Default Naming

6$3+,5(�ZLOO�DXWRPDWLFDOO\�DVVLJQ�EDVLF�HYHQW�QDPHV��(9(17Q��DQG�JDWH��QDPHV��*$7(Q��
KRZHYHU��WKH�XVHU�PD\�UHSODFH�WKH�GHIDXOW�QDPH���7KHVH�GHIDXOWV�PD\�FKDQJHG�RQ�WKH
3UHIHUHQFHV�GLDORJ�

ô Transfer Fault Trees

$�IDXOW�WUHH�FDQ�WUDQVIHU�WR�DQRWKHU�IDXOW�WUHH�E\�XVLQJ�WUDQVIHU�JDWHV���7KH�WUDQVIHU�JDWH�QDPH
VSHFLILHV�WKH�JDWH�WR�WUDQVIHU�WR���7KH�WUDQVIHU�JDWH�QDPH�PXVW�EH�WKH�VDPH�DV�WKH�JDWH�QDPH
EHLQJ�WUDQVIHUUHG�WR���7KH�JDWH�EHLQJ�WUDQVIHUUHG�WR�PXVW�HLWKHU�����EH�RQ�WKH�VDPH�SDJH�RU�����EH
WKH�WRS�JDWH�RI�D�VHSDUDWH�IDXOW�WUHH�ILOH�

ô Complemented Events

&RPSOHPHQWHG�HYHQWV�FDQ�EH�LQSXW�LQWR�IDXOW�WUHHV�E\�HQWHULQJ�WKH�EDVLF�HYHQW�QDPH�ZLWK�WKH����
V\PERO��H�J����'*�$�

� 'R�QRW�XVH���"��?��#�����RU�VSDFH�LQ�WKH�QDPLQJ�6$3+,5(�IDXOW�WUHHV�RU��EDVLF
HYHQWV���1RWH�WKDW�WKH�³�´�V\PERO�LV�XVHG�WR�GHQRWH�DQ�FRPSOHPHQWHG�HYHQW�
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5.5 Example Fault Tree
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5.6 Fault Tree Logic Editor

7KH�6$3+,5(�IDXOW�WUHH�ORJLF�HGLWRU�DOORZV�\RX�WR�PRGLI\�WKH�ORJLF�RI�D�6$3+,5(�IDXOW�WUHH
�V\VWHP�RU�VXEV\VWHP����)DXOW�WUHH�JDWH�GHVFULSWLRQV�FDQ�EH�HQWHUHG�IURP�WKLV�HGLWRU�DV�ZHOO�DV
EDVLF�HYHQW�GHVFULSWLRQV�DQG�GDWD��7KH�IDXOW�WUHH�ORJLF�HGLWRU�LV�D�FRQYHQLHQW�WRRO�IRU�TXLFNO\
HGLWLQJ�IDXOW�WUHH�ORJLF�DQG�HQWHULQJ�JDWH�DQG�EDVLF�HYHQW�GDWD�

7KH�ORJLF�IRUPDW�IRU�UHSUHVHQWLQJ�WKH�IDXOW�WUHH�ORJLF�LV�DV�IROORZV�

ô *DWHV�DUH�OLVWHG�RQ�WKH�OHIW�VLGH�RI�WKH�VFUHHQ�

ô 7KH�W\SH�RI�JDWH��25�JDWH��$1'�JDWH��HWF���LV�VSHFLILHG�WR�WKH�ULJKW�RI�WKH�JDWH
QDPH�

ô 7KH�JDWH�LQSXWV��EDVLF�HYHQWV�RU�JDWHV��DUH�OLVWHG�WR�WKH�ULJKW�RI�WKH�JDWH�W\SH�

Interpreting Fault Tree Logic Format

1HZ�ORJLF�HGLWRU«



5-11



5-12

The System Logic Editor

� 6HOHFW�WKH�)DXOW�7UHH�Þ�(GLW�/RJLF�RSWLRQ�

� :KHQ�\RX�VHOHFW�WKLV�RSWLRQ��WKH�6\VWHPV�/LVW�GLDORJ�LV�GLVSOD\HG���7KH�V\VWHPV�DUH
VKRZQ�LQ�WKH�OLVW�ER[���7R�GLVSOD\�ERWK�V\VWHPV�DQG�VXEV\VWHPV��VHOHFW�WKH�6XE�V\VWHPV
FKHFN�ER[����'HVHOHFWLQJ�WKH�6XE�V\VWHPV�FKHFN�ER[�ZLOO�WRJJOH�WKH�OLVW�VR�WKDW�RQO\
V\VWHPV�DUH�GLVSOD\HG��

� 7R�HGLW�D�V\VWHP��KLJKOLJKW�WKH�V\VWHP�DQG�VHOHFW�(GLW�/RJLF�IURP�WKH�SRS�XS�PHQX�
�5LJKW�FOLFN�WR�LQYRNH�WKH�SRS�XS�PHQX��

� 6\VWHPV�DUH�DGGHG�WR�WKH�GDWDEDVH�E\�DGGLQJ�WRSV�WR�DQ�HYHQW�WUHH��E\�XVLQJ�0RGLI\�Þ
6\VWHPV�Þ�$GG��RU�E\�)DXOW�7UHH�¢�$GG�)DXOW�7UHH��WR�LQFOXGH�WKH�V\VWHP�
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The Logic Editor Display Screen

� 7KH�ORJLF�HGLWRU�XVHV�D�KLHUDUFKLFDO�DSSURDFK�WR�HGLWLQJ�WKH�IDXOW�WUHH

� 7KH�ORJLF�FDQ�EH�H[SDQGHG�E\�SUHVVLQJ���RU�FROODSVHG�E\�SUHVVLQJ�WKH���

� 7R�PRGLI\�D�EDVLF�HYHQW��RU�JDWH���KLJKOLJKW�WKH�JDWH�LW�LQSXWV�WR��FOLFN�WKH�ULJKW�PRXVH�
DQG�VHOHFW�PRGLI\�
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� +LJKOLJKW�WKH�EDVLF�HYHQW��RU�JDWH��DQG�VHOHFW�(GLW���7KHQ�PRGLI\�LWV�QDPH��GHVFULSWLRQ��RU
SUREDELOLW\�

� 7R�DGG�D�JDWH��RU�EDVLF�HYHQW���KLJKOLJKW�WKH�JDWH�LW�LQSXWV�WR��FOLFN�WKH�ULJKW�PRXVH��DQG
VHOHFW�PRGLI\�

� 6HOHFW�WKH�$GG�*DWH�RSWLRQ�DQG�W\SH�LQ�WKH�QDPH�RI�WKH�QHZ�JDWH�DORQJ�ZLWK�LWV�W\SH�DQG
GHVFULSWLRQ�
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7KH�IROORZLQJ�SURYLGHV�D�OLVW�RI�WKH�RSWLRQV�DYDLODEOH�IRU�DGGLQJ�RU�PRGLI\LQJ�ERWK�EDVLF�HYHQWV�RU
JDWHV�

$GG�(YHQW�±�$GG�HYHQW�LV�XVHG�WR�DGG�D�QHZ�EDVLF�HYHQW�DV�DQ�LQSXW�WR�WKH�JDWH���7KLV
RSWLRQ�DOORZV�IRU�WKH�EDVLF�HYHQW¶V�GHVFULSWLRQ�WR�EH�DGGHG�DORQJ�ZLWK�LWV�SUREDELOLW\�
$GG�*DWH�±�$GG�JDWH�LV�XVHG�WR�DGG�D�QHZ�JDWH�DV�DQ�LQSXW�WR�WKH�JDWH�KLJKOLJKWHG���7KLV
RSWLRQ�DOVR�DOORZV�IRU�WKH�JDWH¶V�GHVFULSWLRQ�WR�EH�DGGHG�
(GLW�±�7KH�HGLW�RSWLRQ�DOORZV�\RX�WR�FKDQJH�D�EDVLF�HYHQWV�QDPH��GHVFULSWLRQ��DQG
SUREDELOLW\�DQG�FKDQJH�D�JDWH¶V�QDPH��W\SH��RU�GHVFULSWLRQ�GHSHQGLQJ�RQ�ZKLFK�W\SH�RI
HYHQW�LV�KLJKOLJKWHG�
'HOHWH�±�7KH�GHOHWH�RSWLRQ�ZLOO�GHOHWH�WKH�KLJKOLJKWHG�EDVLF�HYHQW�RU�JDWH�
&RPSOHPHQW�±�7KH�FRPSOHPHQW�RSWLRQ�ZLOO�FRPSOHPHQW�DQ\�EDVLF�HYHQW�WKDW�LV
KLJKOLJKWHG�
7RJJOH�7\SH�±�7RJJOH�W\SH�ZLOO�WRJJOH�WKH�HYHQW�KLJKOLJKWHG�EHWZHHQ�D�EDVLF�HYHQW�RU�D
JDWH�
2N�±�&ORVH�WKH�0RGLI\��(GLW��IDXOW�WUHH�GLDORJ�DQG�DSSO\�WKH�FKDQJHV�
&DQFHO�±�&ORVH�WKH�0RGLI\��(GLW��IDXOW�WUHH�GLDORJ�ZLWKRXW�DSSO\LQJ�WKH�FKDQJHV�

2WKHU�)HDWXUHV�RI�WKH�/RJLF�(GLWRU

)LQG�2SWLRQ

� 7KH�ILQG�RSWLRQ�VHDUFKHV�WKH�IDXOW�WUHH�ORJLF�WR�ILQG�WKH�VSHFLILHG�EDVLF�HYHQW�RU�JDWH�

� 7R�ILQG�D�EDVLF�HYHQW�RU�JDWH��ULJKW�FOLFN�WKH�PRXVH��DQG�VHOHFW�)LQG���7\SH�LQ�WKH�QDPH
RI�WKH�JDWH�RU�EDVLF�HYHQW�DQG�FKHFN�WKH�ER[�LI�WKH�VHDUFK�LV�IRU�D�JDWH�DQG�XQFKHFN�WKH
ER[�LI�WKH�VHDUFK�LV�IRU�D�EDVLF�HYHQW���3UHVV�)LQG�
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0RYH�2SWLRQ

� 7KH�PRYH�RSWLRQ�ZLOO�PRYH�D�JDWH�DQG�LWV�ORJLF�IURP�LWV�RULJLQDO�LQSXW�JDWH�WR�DQRWKHU
VHOHFWHG�JDWH�

� 7R�PRYH�D�JDWH�KLJKOLJKW�WKH�JDWH��ULJKW�FOLFN�WKH�PRXVH���VHOHFW�PRYH�DQG�SODFH�FXUVRU
E\�WKH�QHZ�JDWH�DQG�FOLFN�WKH�OHIW�PRXVH�EXWWRQ���7KH�JDWH�DQG�LWV�DVVRFLDWHG�ORJLF�ZLOO
QRZ�EH�SODFHG�DV�DQ�LQSXW�WR�WKH�QHZ�JDWH�

7UDQVIHU�2SWLRQ

� 7KH�WUDQVIHU�RSWLRQ�WUDQVIHUV�IURP�WKH�IDXOW�WUHH�FXUUHQWO\�EHLQJ�HGLWHG�WR�WKH�IDXOW�WUHH
VSHFLILHG�E\�WKH�WUDQVIHU�JDWH�

� 7R�WUDQVIHU�IURP�RQH�IDXOW�WUHH�WR�DQRWKHU�KLJKOLJKW�WKH�WUDQVIHU�JDWH��ULJKW�FOLFN�WKH
PRXVH��WKHQ�VHOHFW�)ROORZ�7UDQVIHU�

� 7R�WUDQVIHU�EDFN��KLJKOLJKW�WKH�WUDQVIHU�JDWH��ULJKW�FOLFN�WKH�PRXVH��WKHQ�VHOHFW�7UDQVIHU
%DFN�

5.7 Updating the Graphical Fault Tree (.DLS) File

$IWHU�FKDQJHV�DUH�PDGH�WR�IDXOW�WUHH�ORJLF�XVLQJ�WKH�/RJLF�(GLWRU��ZKHQ�\RX�SUHVV�2N�D�GLDORJ
ER[�ZLOO�DVN�LI�\RX�ZKDW�WR�VDYH�WKH�IDXOW�WUHH�ORJLF�DV�D�JUDSKLF�ILOH���$W�WKLV�SRLQW�\RX�FDQ�FKHFN
WKH�ER[�DQG�D�JUDSKLF�ILOH�ZLOO�DXWRPDWLFDOO\�EH�FUHDWHG���2U�VHFRQGO\��XVH�WKH�8WLOLW\�Þ�)DXOW
7UHH�Þ�$OSKD�WR�*UDSKLFV�FRQYHUVLRQ�WR�XSGDWH�WKH�IDXOW�WUHH�JUDSKLFDO�ILOH����<RX�GR�QRW�KDYH
WR�XSGDWH�WKH�JUDSKLFDO�ILOH�LQ�RUGHU�WR�SHUIRUP�DQDO\VHV�ZLWK�WKH�XSGDWHG�ORJLF��KRZHYHU��WR�NHHS
WKH�IDXOW�WUHH�ORJLF�DQG�WKH�IDXOW�WUHH�JUDSKLF�LGHQWLFDO��\RX�PXVW�SHUIRUP�WKH�$OSKD�WR�*UDSKLFV
FRQYHUVLRQ��
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5.8 Fault Tree Editor Tips

ô 1HZ�IDXOW�WUHH��V\VWHPV��FDQQRW�EH�DGGHG�XVLQJ�WKH�ORJLF�HGLWRU���6\VWHPV�FDQ�EH�DGGHG
E\�VDYLQJ�WKH�QHZ�IDXOW�WUHH�LQ�WKH�)DXOW�7UHH�JUDSKLFDO�HGLWRU��E\�HQWHULQJ�WKH�IDXOW�WUHH
QDPH�DV�WKH�WRS�HYHQW�LQ�DQ�HYHQW�WUHH��RU�E\�DGGLQJ�LW�LQ�0RGLI\�Þ�)DXOW�7UHHV��RU�E\
DGGLQJ�LW�LQ�)DXOW�7UHHV�Þ�$GG�)DXOW�7UHHV���6XEWUHHV�DUH�DGGHG�LQ�WKH�HGLWRU��ZKHQ
WKH�7UDQVIHU�JDWH�W\SH�LV�XVHG�

ô 7KH�IDXOW�WUHH�ORJLF�HGLWRU�GRHV�QRW�DOORZ�WKH�XVHU�WR�VDYH�WKH�HGLWHG�IDXOW�WUHH�ZLWK�D�QHZ
IDXOW�WUHH�QDPH���7KH�WRS�JDWH�LQ�WKH�IDXOW�WUHH�VKRXOG�PDWFK�WKH�IDXOW�WUHH�QDPH�

ô ,W�LV�QRW�\HW�SRVVLEOH�WR�UHWDLQ�VSHFLDO�V\PEROV�WKDW�PD\�EH�XVHG�ZLWK�WKH�JUDSKLFDO�HGLWRU�
6SHFLDO�EDVLF�HYHQW�V\PEROV��VXFK�DV�WKH�XQGHYHORSHG�HYHQW�DQG�KRXVH�HYHQW��ZLOO�EH
FKDQJHG�WR�HLWKHU�URXQG�EDVLF�HYHQWV�RU�ER[HG�EDVLF�HYHQWV�ZKHQ�WKH�$OSKD�WR�*UDSKLFV
FRQYHUVLRQ�RI�IDXOW�WUHH�ORJLF�IURP�WH[W�LV�XVHG�WR�XSGDWH�WKH�JUDSKLFDO�ILOH�

5.9 Fault Tree Graphics Features Guide

Beginning The Editing Session

ô 7R�GHYHORS�D�QHZ�IDXOW�WUHH
6$3+,5(�PHQX�EDU���)DXOW�7UHHV
)DXOW�7UHH�/LVW�GLDORJ�SRS�XS�PHQX��(GLW�*UDSKLFV
)DXOW�7UHH�(GLWRU�PHQX�EDU���)LOH�Þ�1HZ

RU
6$3+,5(�PHQX�EDU���)DXOW�7UHHV
)DXOW�7UHH�/LVW�GLDORJ�SRS�XS�PHQX��$GG�)DXOW�7UHHV

ô ,I�\RX�ZLVK�WR�HGLW�DQ�H[LVWLQJ�ILOH�ZKLOH�LQ�WKH�JUDSKLF�HGLWRU
)DXOW�7UHH�(GLWRU�PHQX�EDU���)LOH�Þ�2SHQ

25�&KRRVH�WKH�2SHQ�'LDJUDP�   EXWWRQ�RQ�WKH�WRRO�EDU�
'RXWEOH�FOLFN�RQ�WKH�IDXOW�WUHH�ILOHQDPH�\RX�ZLVK�WR�HGLW�

Selecting and Arranging Logic Symbols

ô 7R�EHJLQ�EXLOGLQJ�D�IDXOW�WUHH
6HOHFW�WKH�GHVLUHG�REMHFW�EXWWRQ�IURP�WKH�WRRO�EDU�
7KHQ�PRYH�WKH�VKDSH�FXUVRU�WR�WKH�GHVLUHG�ORFDWLRQ�ZLWK�WKH�PRXVH�DQG�FOLFN�WKH
OHIW�PRXVH�EXWWRQ�
8VH�WKH�ULJKW��PRXVH�EXWWRQ�WR�HQG�WKH�VHOHFWLRQ�RU�PHQX�RSWLRQ�
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ô 7R�VHOHFW�REMHFWV

&KRRVH�WKH�3LFN�EXWWRQ�  �WR�VHOHFW�D�VLQJOH�REMHFW

&KRRVH�WKH�7H[W�3LFN�EXWWRQ�   WR�VHOHFW�D�WH[W�REMHFW�

7KHQ�FOLFN�RQ�WKH�GHVLUHG�REMHFW�
$�GDVKHG�OLQH�ZLOO�DSSHDU�VXUURXQGLQJ�WKH�VHOHFWHG�REMHFW�V��

ô 7R�GHOHWH�XQZDQWHG�REMHFWV
6HOHFW�WKH�REMHFW�WR�EH�GHOHWHG��FOLFN�RQ�WKH�VKDSH�ZLWK�WKH�OHIW�PRXVH�EXWWRQ�
)DXOW�7UHH�(GLWRU�PHQX�EDU���(GLW�Þ�'HOHWH
25�&KRRVH�WKH�'HOHWH�NH\�

ô 7R�PRYH�V\PEROV��DQG�WKHLU�DVVRFLDWHG�WH[W��LI�DQ\�
6HOHFW�WKH�REMHFW�WR�EH�PRYHG
'UDJ�WKH�REMHFW�WR�WKH�GHVLUHG�ORFDWLRQ�

Naming Gates And Basic Events

ô 7R�UHQDPH�ORJLF�RU�EDVLF�HYHQW�V\PEROV
6HOHFW�WKH�GHVLUHG�VKDSH
)DXOW�7UHH�(GLWRU�PHQX�EDU���(GLW�Þ�$WWULEXWHV
25�ULJKW�FOLFN�DQG�FKRRVH�(GLW�
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7KHQ�PDNH�GHVLUHG�FKDQJHV�

ô 7R�YLHZ�WKH�FXUUHQW�QDPH�RI�D�JDWH�RU�EDVLF�HYHQW
)DXOW�7UHH�(GLWRU�PHQX�EDU��9LHZ Þ�3UHIHUHQFHV
25�ULJKW�FOLFN�DQG�FKRRVH�(GLW�3UHIHUHQFHV�

�&KHFN�WKH�6KRZ�1DPH�FKHFN�ER[�DQG�FKRRVH�WKH�2.�EXWWRQ�
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Connecting Symbols With Lines

ô 7R�OLQN�JDWHV�DQG�EDVLF�HYHQWV�WRJHWKHU

6HOHFW�WKH�/LQH�EXWWRQ�  �IURP�WKH�WRRO�EDU���'UDJ�IURP�WKH�VWDUWLQJ�ORFDWLRQ
WR�WKH�HQGLQJ�ORFDWLRQ�
�1RWH��LI�\RX�PRYH�V\PEROV�DIWHU�FRQQHFWLQJ�ZLWK�OLQHV��\RX�PD\�QHHG�WR�UHGUDZ
WKH�OLQHV�XQOHVV�WKH�OLQHV�ZHUH�PRYHG�ZLWK�WKH�V\PEROV��

Changing Symbol Type

ô 7R�FKDQJH�D�V\PERO��H�J���WR�FKDQJH�D�EDVLF�HYHQW�WR�DQ�XQGHYHORSHG�WUDQVIHU�
6HOHFW�WKH�VKDSH
)DXOW�7UHH�(GLWRU�PHQX�EDU���(GLW�Þ�$WWULEXWHV

&KRRVH�WKH�7\SH�EXWWRQ�

6HOHFW�WKH�QHZ�VKDSH�W\SH�IURP�WKH�OLVW�
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Display Adjustment

ô 7R�FKDQJH�WKH�YLHZ�RI�WKH�HYHQW�WUHH
)DXOW�7UHH�(GLWRU�PHQX�EDU��9LHZ

=RRP�DOORZV�\RX�WR�]RRP�LQ�
3DJH�8S��DOORZV�\RX�WR�PRYH�XS�RQH�SDJH�
3DJH�'RZQ��DOORZV�\RX�WR�PRYH�GRZQ�RQH�SDJH�
3DJH�/HIW��DOORZV�\RX�WR�PRYH�OHIW�RQH�SDJH�
3DJH�5LJKW��DOORZV�\RX�WR�PRYH�ULJKW�RQH�SDJH�
9LHZ�1RUPDO��UHVHWV�WKH�VFUHHQ�

ô 7R�UHGUDZ�WKH�ZLQGRZ
)DXOW�7UHH�(GLWRU�PHQX�EDU��9LHZ�Þ�5HIUHVK

Entering Descriptive Text

ô 7R�HQWHU�WH[W��IRU�D�WLWOH�RU�RWKHU�GHVFULSWLRQ�

&KRRVH�WKH�7H[W�2EMHFW�EXWWRQ�  �IURP�WKH�WRRO�EDU���7KH�FXUVRU�ZLOO�FKDQJH

WR�WKH�7H[W�FXUVRU�  �
3RVLWLRQ�WKH�WH[W�FXUVRU�DW�WKH�GHVLUHG�ORFDWLRQ�
&OLFN�WKH�PRXVH���7KH�7H[W�$WWULEXWHV�GLDORJ�ZLOO�EH�GLVSOD\HG�

ô 7R�PRYH�WKH�DVVRFLDWHG�V\PERO�RQO\

&KRRVH�WKH�3LFN�EXWWRQ�  �IURP�WKH�WRRO�EDU���7KH�FXUVRU�ZLOO�FKDQJH�WR�WKH

3LFN�FXUVRU�  �

ô 7R�PRYH�WH[W�RQO\

&KRRVH�WKH�7H[W�3LFN�EXWWRQ�  �IURP�WKH�WRRO�EDU���7KH�FXUVRU�ZLOO�FKDQJH�WR

WKH�7H[W�3LFN�FXUVRU�  �
6HOHFW�WKH�GHVLUHG�WH[W�
'UDJ�WKH�VHOHFWHG�WH[W�WR�WKH�QHZ�ORFDWLRQ�

ô 7R�FKDQJH�H[LVWLQJ�WH[W�DQG�DWWULEXWHV

6HOHFW�WKH�GHVLUHG�WH[W�XVLQJ�WKH�7H[W�3LFN�FXUVRU�  �
5LJKW�FOLFN�DQG�FKRRVH�(GLW���7KH�7H[W�$WWULEXWHV�GLDORJ�ZLOO�EH�GLVSOD\HG�
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7H[W���'HVFULSWLYH�WH[W�IRU�D�VKDSH�RU�H[SODQDWRU\�WH[W�IRU�WKH�HQWLUH�IDXOW�WUHH���0D[LPXP�RI����
DOSKDQXPHULF�XSSHU��DQG�ORZHUFDVH�FKDUDFWHUV�

-XVWLILFDWLRQ
+RUL]RQWDO���7KH�KRUL]RQWDO�DOLJQPHQW�RI�WKH�WH[W�
9HUWLFDO���7KH�YHUWLFDO�DOLJQPHQW�RI�WKH�WH[W�

7H[W�)RQW���7KH�IRQW�VL]H�RU�W\SH�IRU�WKH�WH[W�DQG�WKH�FRORU�RI�WKH�WH[W�
2.���&ORVH�WKH�7H[W�$WWULEXWHV�GLDORJ�DQG�DGG�WKH�LQSXW�WH[W�WR�WKH�GLDJUDP�
&DQFHO���&ORVH�WKH�7H[W�$WWULEXWHV�GLDORJ�ZLWKRXW�DGGLQJ�WKH�WH[W�WR�WKH�GLDJUDP�

Ending The Editing Session

ô 7R�VDYH�WKH�IDXOW�WUHH�JUDSKLF
)DXOW�7UHH�(GLWRU�PHQX�EDU���)LOH�Þ�6DYH�

25�&KRRVH�WKH�6DYH�'LDJUDP�EXWWRQ�  �RQ�WKH�WRRO�EDU
1DPH�WKH�IDXOW�WUHH�ILOH�DV�GLUHFWHG�
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ô 7R�H[LW�ZLWKRXW�VDYLQJ
(YHQW�7UHH�(GLWRU�PHQX�EDU���)LOH�Þ�([LW
&KRRVH�1R�WR�TXLW�ZLWKRXW�VDYLQJ�

�
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6. BASIC EVENT INFORMATION
6HFWLRQ���LQWURGXFHV�6$3+,5(�EDVLF�HYHQW�GDWD�HQWU\�DQG�EDVLF�HYHQW�SUREDELOLW\�FDOFXODWLRQ
W\SHV��

ô ([SODLQ�WKH�YDULRXV�EDVLF�HYHQW�GDWD�ILHOGV�XVHG�LQ�6$3+,5(�

ô 3URYLGH�GHILQLWLRQV�IRU�EDVLF�HYHQW�LQIRUPDWLRQ�WHUPLQRORJ\�

ô ([SODLQ�WKH�VHYHQ�EDVLF�HYHQW�FDOFXODWLRQ�W\SHV�DYDLODEOH�LQ�6$3+,5(�

ô 6$3+,5(�SURYLGHV�IRXU�GLIIHUHQW�³HYHQW´�FDWHJRULHV��GHILQH�HDFK�RI�WKHP�

ô 8VLQJ�WKH�0RGLI\�RSWLRQ�LQ�6$3+,5(��HQWHU�FRPSRQHQW�EDVLF�HYHQW�GDWD�

6.1 Modify Basic Events

� 7R�HQWHU�EDVLF�HYHQW�GDWD��VHOHFW�0RGLI\�IURP�WKH�PHQX���7KHQ�VHOHFW�%DVLF�(YHQWV�

� 7R�PRGLI\�GDWD�IRU�DQ�H[LVWLQJ�HYHQW��GRXEOH�FOLFN�RQ�WKH�HYHQW�\RX�ZDQW�WR�HGLW�

� 7R�DGG�D�QHZ�HYHQW��ULJKW�FOLFN�WR�LQYRNH�WKH�SRS�XS�PHQX�DQG�VHOHFW�WKH�$GG
RSWLRQ�
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6.1.1 Basic Event Data Fields

Primary Name

7KH�3ULPDU\�QDPH�LV�WKH�IXQGDPHQWDO�QDPH�XVHG�LQ�WKH�IDXOW�WUHHV�DQG�HYHQW�WUHHV���$�XQLTXH
3ULPDU\�QDPH�PXVW�EH�VSHFLILHG�IRU�HYHU\�EDVLF�HYHQW�LQ�WKH�ORJLF�PRGHOV���$�PD[LPXP�RI���
XSSHUFDVH��DOSKDQXPHULF�FKDUDFWHUV�PD\�EH�HQWHUHG���(PEHGGHG�EODQNV�DUH�QRW�DOORZHG���7KH
QDPH�VKRXOG�EH�GHVFULSWLYH�VR�LW�FDQ�EH�UHDGLO\�LGHQWLILHG�

Alternate Name

7KH�$OWHUQDWH�QDPH��ZKLFK�FDQ�EH�GLIIHUHQW�WKDQ�WKH�3ULPDU\�QDPH��FDQ�EH�XVHG�WR�UHSRUW�FXW�VHW
UHVXOWV�E\�VHOHFWLQJ�$OWHUQDWH�QDPH�LQ�WKH�'HILQH�&RQVWDQWV�RSWLRQ���7KLV�IHDWXUH�DOORZV�FXW�VHWV
WR�EH�UHSRUWHG�XVLQJ�D�GLIIHUHQW�QDPLQJ�VFKHPH�WKDW�LV�PRUH�GHVFULSWLYH���$�PD[LPXP�RI���
XSSHUFDVH��DOSKDQXPHULF�FKDUDFWHUV�PD\�EH�HQWHUHG�LQ�WKLV�ILHOG���(PEHGGHG�EODQNV�DUH�QRW
DOORZHG�
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Description

7KLV�LV�D����FKDUDFWHU��XSSHUFDVH�RU�ORZHUFDVH��DOSKDQXPHULF�ILHOG�WKDW�SURYLGHV�EULHI��GHVFULSWLYH
LQIRUPDWLRQ�

Calculation Types

,Q�WKH�)DLOXUH�'DWD�VHFWLRQ�WKH�FDOFXODWLRQ�W\SH�LV�D�QXPHULFDO�UHIHUHQFH�WR�WKH�FDOFXODWLRQ�PHWKRG
WR�EH�XVHG���7KHUH�DUH����FDOFXODWLRQ�W\SHV�QXPEHUHG���WKURXJK����7��)��,��6��*��/��0��DQG�+�
&KRRVH�WKH�GHVLUHG�FDOFXODWLRQ�W\SH�IURP�WKH�GURS�GRZQ�OLVW�

$Q�HTXDWLRQ�IRU�HDFK�FDOFXODWLRQ�W\SH�IROORZV���6HH�WKH�V\PERO�WDEOH�IRU�PRUH�GHWDLOV�

� 3� �S�
7KH�YDOXH�VSHFLILHG�LQ�WKH�3UREDELOLW\�ILHOG�LV�GLUHFWO\�XVHG�DV�WKH�EDVLF�HYHQW�IDLOXUH
SUREDELOLW\�RU�LQLWLDWLQJ�HYHQW�IUHTXHQF\

�� 7KLV�FDOFXODWLRQ�W\SH�XVHV�&DOFXODWLRQ�7\SH����EHORZ�
� 3� �����([S���/��WP��

7KLV�FDOFXODWLRQ�W\SH�LV�WKH�IXOO�HTXDWLRQ�IRU�WKH�IDLOXUH�SUREDELOLW\�RI�DQ�RSHUDWLQJ
FRPSRQHQW�ZLWKRXW�UHSDLU�LQ�D�QRQ�GHPDQG�IDLOXUH�PRGH�

� 7KLV�FDOFXODWLRQ�W\SH�XVHV�&DOFXODWLRQ�7\SH����EHORZ�
� 3� ��>/��7@���>����^/��7`@��������(;3�>��/�������7���WP@��

7KLV�FDOFXODWLRQ�W\SH�LV�WKH�IXOO�HTXDWLRQ�IRU�WKH�IDLOXUH�SUREDELOLW\�RI�DQ�RSHUDWLQJ
FRPSRQHQW�ZLWK�FRQVLGHUDWLRQ�JLYHQ�WR�WKH�DELOLW\�WR�UHSDLU�WKH�FRPSRQHQW�

� 7KLV�FDOFXODWLRQ�W\SH�XVHV�&DOFXODWLRQ�7\SH����EHORZ�
� 3� ������(;3>�/��7@���������/��7��

7KLV�FDOFXODWLRQ�W\SH�LV�WKH�IXOO�HTXDWLRQ�IRU�WKH�IDLOXUH�SUREDELOLW\�RI�D�VWDQGE\�FRPSRQHQW
LQ�D�QRQ�GHPDQG�IDLOXUH�PRGH�ZLWK�FRQVLGHUDWLRQ�JLYHQ�WR�SHULRGLF�WHVWLQJ�

7 3� �������+RXVH�HYHQW���IDLOHG��
7KLV�FDOFXODWLRQ�W\SH�LQGLFDWHV�WKDW�WKH�EDVLF�HYHQW�LV�WR�EH�WUHDWHG�DV�D�KRXVH�HYHQW�WKDW
LV�DOZD\V�IDLOHG���$�KRXVH�HYHQW�QHYHU�DSSHDUV�LQ�WKH�PLQLPDO�FXW�VHWV���7KH�PRGHO�LV
PRGLILHG�WR�UHIOHFW�WKH�ORJLF��JLYHQ�WKDW�WKH�LQGLFDWHG�EDVLF�HYHQW�LV�DOZD\V�IDLOHG���7R�GR
WKLV�IRU�DQ�HYHQW�WKDW�LV�JXDUDQWHHG�WR�RFFXU��IDLOXUH�SUREDELOLW\� �������WKH�HYHQW�LV
UHPRYHG�IURP�WKH�ORJLF�ZKHUH�LW�DSSHDUV�DV�DQ�LQSXW�WR�DQ�$1'�JDWH���,I�WKH�EDVLF�HYHQW
LV�LQSXW�WR�DQ�25�JDWH��WKH�HQWLUH�JDWH�DQG�LWV�LQSXWV�DUH�UHPRYHG�IURP�WKH�ORJLF���7KH
UHVXOWLQJ�PLQLPDO�FXW�VHWV�VKRZ�WKH�IDLOXUH�FRPELQDWLRQV�WKDW�PXVW�RFFXU�IRU�WRS�HYHQW�RU
VHTXHQFH�IDLOXUH�JLYHQ�WKDW�WKH�LQGLFDWHG�EDVLF�HYHQW�LV�DOZD\V�IDLOHG�

) 3� �������KRXVH�HYHQW���VXFFHVVIXO��
7KLV�FDOFXODWLRQ�W\SH�LQGLFDWHV�WKDW�WKH�EDVLF�HYHQW�LV�WR�EH�WUHDWHG�DV�D�KRXVH�HYHQW�WKDW
LV�QHYHU�IDLOHG���$�KRXVH�HYHQW�QHYHU�DSSHDUV�LQ�WKH�PLQLPDO�FXW�VHWV���7KH�PRGHO�LV
PRGLILHG�WR�UHIOHFW�WKH�ORJLF�JLYHQ�WKDW�WKH�LQGLFDWHG�EDVLF�HYHQW�LV�QHYHU�IDLOHG���7R�GR
WKLV�IRU�DQ�HYHQW�WKDW�LV�JXDUDQWHHG�VXFFHVVIXO��WKH�EDVLF�HYHQW�LV�UHPRYHG�IURP�WKH�ORJLF
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ZKHUH�LW�DSSHDUV�DV�DQ�LQSXW�WR�DQ�25�JDWH���,I�WKH�EDVLF�HYHQW�LV�LQSXW�WR�DQ�$1'�JDWH�
WKH�HQWLUH�JDWH�DQG�LWV�LQSXWV�DUH�UHPRYHG�IURP�WKH�ORJLF���7KH�UHVXOWLQJ�PLQLPDO�FXW�VHWV
VKRZ�WKH�IDLOXUH�FRPELQDWLRQV�WKDW�PXVW�RFFXU�IRU�WRS�HYHQW�RU�VHTXHQFH�IDLOXUH�JLYHQ
WKDW�WKH�LQGLFDWHG�EDVLF�HYHQW�FDQ�QHYHU�IDLO�

, 3� �������LJQRUH�HYHQW��
7KLV�FDOFXODWLRQ�W\SH�LQGLFDWHV�WKDW�WKH�EDVLF�HYHQW�LV�WR�EH�WUHDWHG�DV�LI�LW�GLG�QRW�H[LVW�LQ
WKH�ORJLF�IRU�WKH�IDXOW�WUHH���%HIRUH�WKH�WUHH�LV�VROYHG��WKH�ORJLF�LV�HGLWHG�WR�UHPRYH�DOO
UHIHUHQFHV�WR�WKH�VSHFLILHG�HYHQW�IURP�WKH�IDXOW�WUHH�

6 3� ������ILQG�D�V\VWHP�ZLWK�WKH�VDPH�QDPH�DQG�XVH�LWV�FXUUHQW�PLQFXW
XSSHUERXQG�DV�WKH�SUREDELOLW\�
7KLV�FDOFXODWLRQ�W\SH�LQGLFDWHV�WKDW�WKH�EDVLF�HYHQW�LV�WR�UHSODFH�LWV�PDWFKLQJ�V\VWHP���,I
QR�PDWFKLQJ�V\VWHP�H[LVWV��WKH�SUREDELOLW\�ZLOO�EH�VHW�WR�����

* 3� �� >OQ�J�D��%U@�
7KLV�FDOFXODWLRQ�W\SH�LQGLFDWHV�WKDW�WKH�EDVLF�HYHQW�LV�WR�EH�WUHDWHG�DV�D�VHLVPLF�HYHQW�
7KH�SUREDELOLW\�YDOXH�IRU�VFUHHQLQJ�ZLOO�EH�FDOFXODWHG�XVLQJ�WKH�JURXQG�DFFHOHUDWLRQ�
IDLOXUH�DFFHOHUDWLRQ��DQG�%U�HQWHUHG�E\�WKH�XVHU�

+ 3� �� >OQ�J�D��%U@�
7KLV�FDOFXODWLRQ�W\SH�LQGLFDWHV�WKDW�WKH�EDVLF�HYHQW�LV�WR�EH�WUHDWHG�DV�D�VHLVPLF�HYHQW�
7KH�SUREDELOLW\�IRU�VFUHHQLQJ�ZLOO�EH�FDOFXODWHG�IURP�WKH�IDLOXUH�DFFHOHUDWLRQ��%U��DQG
JURXQG�DFFHOHUDWLRQ���7KH�JURXQG�DFFHOHUDWLRQ�ZLOO�EH�WKH�KLJKHVW�J�OHYHO�VSHFLILHG�LQ�WKH
PHGLXP�SURMHFW�KD]DUG�FXUYH�

Calculation Type Equation Symbols

7KH�IROORZLQJ�V\PEROV�DUH�XVHG�LQ�WKH�HTXDWLRQV�IRU�FDOFXODWLQJ�IDLOXUH�SUREDELOLW\�

3�� IDLOXUH�SUREDELOLW\�RI�WKH�EDVLF�HYHQW�
S�� IDLOXUH�SUREDELOLW\�
ES� EDVH�FDVH�IDLOXUH�SUREDELOLW\�
/�� IDLOXUH�UDWH�SHU�KRXU��LQSXW�DV�ODPEGD�
WP� PLVVLRQ�WLPH�H[SUHVVHG�LQ�KRXUV��LQSXW�DV�D�GHIDXOW�
7�� DYHUDJH�WLPH�WR�UHSDLU�H[SUHVVHG�LQ�KRXUV��LQSXW�DV�WDX�
�� VWDQGDUG�QRUPDO�FXPXODWLYH�GLVWULEXWLRQ�IXQFWLRQ�

D�� PHGLDQ�NLOOHU�DFFHOHUDWLRQ��WKH�DSSUR[LPDWH�JURXQG�DFFHOHUDWLRQ�VXIILFLHQW�WR�FDXVH�WKH
FRPSRQHQW�WR�IDLO��

%X� FRQILGHQFH�OHYHO�WKDW��D��LV�UHDOO\�WKH�PHGLDQ�NLOOHU�DFFHOHUDWLRQ�
%U� WKH�DPRXQW�WKH�NLOOHU�DFFHOHUDWLRQ��D��FDQ�YDU\
OQ� QDWXUDO�ORJ
J�� JURXQG�DFFHOHUDWLRQ�IRU�VFUHHQLQJ�
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Mean Failure Probability

(QWHU�WKH�SUREDELOLW\�WKDW�D�FRPSRQHQW�ZLOO�IDLO�EHWZHHQ�W�DQG�W���¨W�JLYHQ�WKDW�QR�IDLOXUH�KDV
RFFXUUHG�EHIRUH�WLPH�W��XVH�VFLHQWLILF�QRWDWLRQ��

Lambda

(QWHU�WKH�HYHQW¶V�IDLOXUH�UDWH�SHU�KRXU��XVH�VFLHQWLILF�QRWDWLRQ��

Tau

(QWHU�WKH�DYHUDJH�WLPH�WR�UHSDLU�LQ�KRXUV��XVH�VFLHQWLILF�QRWDWLRQ��

Mission Time

(QWHU�WKH�PLVVLRQ�WLPH�LQ�KRXUV��XVH�VFLHQWLILF�QRWDWLRQ���7KH�PLVVLRQ�WLPH�LV�WKH�SHULRG�RI�WLPH
WKDW�D�FRPSRQHQW�LV�UHTXLUHG�WR�RSHUDWH�LQ�RUGHU�WR�FKDUDFWHUL]H�WKH�FRPSRQHQW�RSHUDWLRQ�DV
EHLQJ�VXFFHVVIXO�

$Q�H[DPSOH�ZRXOG�EH�IRU�D�SXPS�WKDW�PXVW�UXQ�IRU����KRXUV�DIWHU�D�SDUWLFXODU�LQLWLDWLQJ�HYHQW
RFFXUV���7KH�PLVVLRQ�WLPH�IRU�WKLV�FDVH�ZRXOG�EH����KRXUV�

Distribution Types

)RU�WKH�8QFHUWDLQW\�'DWD�VHFWLRQ��WKHUH�DUH�HOHYHQ�SUHGHILQHG�GLVWULEXWLRQ�W\SHV�DYDLODEOH���7KH
SUHGHILQHG�GLVWULEXWLRQ�W\SHV�DUH�

QRUPDO��ORJQRUPDO��EHWD��GLULFKOHW��JDPPD��FKL�VTXDUHG��H[SRQHQWLDO��XQLIRUP��PD[LPXP�HQWURSK\�
DQG�VHLVPLF�

,Q�DGGLWLRQ�WR�WKHVH�SUHGHILQHG�GLVWULEXWLRQ�W\SHV��XVHU�GHILQHG�KLVWRJUDPV�PD\�EH�XVHG���7KH
GHIDXOW�GLVWULEXWLRQ�W\SH�LV�QR�GLVWULEXWLRQ���&KRRVH�WKH�GHVLUHG�GLVWULEXWLRQ�W\SH�IURP�WKH�GURS�
GRZQ�OLVW�

Value 1

(QWHU�WKH�ILUVW�SDUDPHWHU�RI�WKH�GLVWULEXWLRQ��LI�RQH�LV�UHTXLUHG�

Value 2

(QWHU�WKH�VHFRQG�SDUDPHWHU�RI�WKH�GLVWULEXWLRQ��LI�RQH�LV�UHTXLUHG�
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Correlation Class

8VH�WR�DFFRXQW�IRU�GDWD�GHSHQGHQFLHV�DPRQJ�OLNH�HYHQWV�LQ�WKH�GDWDEDVH���(QWHU�XS�WR�IRXU
XSSHUFDVH��DOSKDQXPHULF�YDOXHV���$�EODQN�FRUUHODWLRQ�FODVV�LQGLFDWHV�WKDW�WKHUH�DUH�QR�GDWD
GHSHQGHQFLHV���:KHQ�UXQQLQJ�WKH�XQFHUWDLQW\�DQDO\VHV��WKH�VDPH�VDPSOH�YDOXH�ZLOO�EH�XVHG�IRU
DOO�EDVLF�HYHQWV�ZLWK�WKH�VDPH�FRUUHODWLRQ�FODVV�

SAPHIRE Failure Data Entry Requirements

&DOFXODWLRQ�7\SH 0HDQ�)DLOXUH�3UREDELOLW\ /DPEGD 7DX 0LVVLRQ�7LPH
� T

��� T T

��� T T T

��� T T

1RWHV� � 7KH�XQLWV�RI�ODPEGD��WDX��DQG�PLVVLRQ�WLPH�PXVW�EH�WKH�VDPH�VR�WKDW�WKH\�FDQFHO�
 ,I�QR�PLVVLRQ�WLPH�LV�VSHFLILHG��L�H���WKH�PLVVLRQ�WLPH�LV�]HUR���WKH�GHIDXOW�PLVVLRQ�WLPH

VSHFLILHG�LQ�6$3+,5(�8WLOLWLHV�Þ�'HILQH�&RQVWDQWV�ZLOO�EH�XVHG�



6-7

6.1.2 Basic Event Attributes

Comp Id
&RPSRQHQW�,GHQWLILHU���(QWHU�XS�WR�VHYHQ�����DOSKDQXPHULF�FKDUDFWHUV�WR�LGHQWLI\�D�FRPSRQHQW�E\
D�XQLTXH�GHVLJQDWRU���7KLV�LV�XVXDOO\�SDUW�RI�WKH�FRPSRQHQW�ODEHO��H�J���'*������1R�HPEHGGHG
EODQNV�DUH�DOORZHG�

System

(QWHU�XS�WR�WKUHH�����DOSKDQXPHULF�FKDUDFWHUV�WR�LGHQWLI\�WKH�V\VWHP�FRQWDLQLQJ�WKH�FRPSRQHQW�

Train

(QWHU�XS�WR�WZR�����DOSKDQXPHULF�FKDUDFWHUV�WR�LGHQWLI\�WKH�WUDLQ�FRQWDLQLQJ�WKH�FRPSRQHQW�

Type

(QWHU�WKH�HYHQW�W\SH�DWWULEXWH�
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Failure Mode

(QWHU�XS�WR�WZR�����DOSKDQXPHULF�FKDUDFWHUV�WR�LGHQWLI\�WKH�IDLOXUH�PRGH�IRU�WKH�FRPSRQHQW�

Location

(QWHU�XS�WR�WKUHH�����DOSKDQXPHULF�FKDUDFWHUV�WR�LGHQWLI\�WKH�SK\VLFDO�ORFDWLRQ�IRU�WKH�FRPSRQHQW�

Susceptibilities

7KH�VXVFHSWLELOLW\�IODJV�LQGLFDWH�ZKHWKHU�RU�QRW�WKH�HYHQW�LV�VXVFHSWLEOH�WR�D�VSHFLILF�NLQG�RI
IDLOXUH���7KHUH�DUH����VXVFHSWLELOLWLHV�DV�GHILQHG�EHORZ�

�  5DQGRP��GHIDXOW�
�  )LUH
�  )ORRG
�  6HLVPLF
�  5HVHUYHG����,QLWLDWLQJ�(YHQW�$VVHVVPHQW�
�  5HVHUYHG����&RQGLWLRQ�$VVHVVPHQW�
�  5HVHUYHG��
�  � 5HVHUYHG��
������  � 8VHU�GHILQHG

6XVFHSWLELOLW\�IODJV�PXVW�EH�FKHFNHG�WR�EH�FRQVLGHUHG�VXVFHSWLEOH�WR�D�VSHFLILF�W\SH�RI�IDLOXUH���$OO
HYHQWV�DUH�VXVFHSWLEOH�WR�UDQGRP�IDLOXUH�UHJDUGOHVV�RI�WKH�UDQGRP�IODJ
V�YDOXH�

Category

6HOHFW�WKH�IURP�WKH�GURS�GRZQ�OLVW�WR�VSHFLI\�WKH�FDWHJRU\�RU�XVH�RI�WKH�HYHQW�
*HQHUDO�SXUSRVH�HYHQW���7KLV�LV�WKH�GHIDXOW�DQG�LV�DSSURSULDWH�IRU�PXVW�EDVLF�HYHQWV�
µ,¶���,QLWLDWLQJ�HYHQW���$Q\�LQLWLDWLQJ�HYHQWV�VKRXOG�EH�LGHQWLILHG�ZLWK�WKLV�FDWHJRU\�GHVLJQDWLRQ��7KH

HYHQW�WUHH�HGLWRU�ZLOO�DXWRPDWLFDOO\�HQWHU�DQ�
,
�ZKHQ�WKH�XVHU�VSHFLILHV�WKDW�WKH�ILUVW�HYHQW
LV�DQ�LQLWLDWLQJ�HYHQW�

µ+¶���+D]DUG�HYHQW���7KLV�LV�D�VSHFLDO�FDOFXODWLRQ�W\SH�DVVLJQHG�WR�KLVWRJUDP�ELQV�IRU�KD]DUG
DQDO\VLV�

µ5¶���5HFRYHU\�HYHQW���(YHQWV�ZLWK�WKLV�FDWHJRU\�GHVLJQDWLRQ�ZLOO�EH�OLVWHG�LQ�D�OLVW�RI�UHFRYHU\
HYHQWV�XVHG�LQ�WKH�5HFRYHU\�5XOHV�HGLWRU
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6.1.3 Basic Event Process Flags

Blank or Default

:KHQ�WKH�3URFHVV�)ODJ�ILHOG�LV�EODQN��WKH�WUDQVIHU�DVVRFLDWHG�ZLWK�WKLV�HYHQW�LV�H[SDQGHG�IRU
IDLOXUH�UHIHUHQFHV���)RU�VXFFHVV�UHIHUHQFHV��WKH�WUDQVIHU�LV�DOVR�H[SDQGHG��KRZHYHU��WKH�FXW�VHWV
JHQHUDWHG�DUH�UHPRYHG�IURP�WKH�IDLOXUH�FXW�VHWV�XVLQJ�FXW�VHW�PDWFKLQJ�

Process Flag ’I’

8VH�V\VWHP�ORJLF��LI�WRS�HYHQW�IDLOV���XVH�WKH�FRPSOHPHQW�RI�WKH�V\VWHP�ORJLF��LI�WRS�HYHQW
VXFFHHGV����7KDW�LV��LI�WKH�WRS�HYHQW�LV�D�IDLOXUH��6$3+,5(�ZLOO�H[SDQG�WKH�IDXOW�WUHH�DQG�VROYH��LI
WKH�HYHQW�VXFFHHGV��6$3+,5(�ZLOO�FRPSOHPHQW�WKH�IDXOW�WUHH�ORJLF�DQG�VROYH�LW���$Q��,��FDXVHV
6$3+,5(�WR�WUHDW�WKH�WUDQVIHU�DV�LQGHSHQGHQW���/RJLF�EHORZ�WKLV�WUDQVIHU�LV�H[SDQGHG�IRU�IDLOXUH
UHIHUHQFHV��DQG�IRU�VXFFHVV�UHIHUHQFHV�WKH�FRPSOHPHQW�RI�WKH�ORJLF�LV�XVHG�

Process Flag ’W’

8VH�V\VWHP�ORJLF��LI�WRS�HYHQW�IDLOV���XVH�FRPSOHPHQW�RI�WKH�GHYHORSHG�HYHQW��LI�WRS�HYHQW
VXFFHHGV����7KDW�LV��LI�WKH�HYHQW�IDLOV�6$3+,5(�ZLOO�H[SDQG�WKH�IDXOW�WUHH�DQG�VROYH��LI�WKH�HYHQW
VXFFHHGV��6$3+,5(�ZLOO�XVH�WKH�FRPSOHPHQW�RI�WKH�GHYHORSHG�HYHQW�IRU�WKH�V\VWHP�
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Process Flag ’X’

8VH�GHYHORSHG�HYHQW��LI�HYHQW�IDLOV���XVH�FXW�VHW�PDWFKLQJ�WR�HOLPLQDWH�FXW�VHWV��LI�HYHQW
VXFFHHGV����7KDW�LV��DQ��;��WHOOV�6$3+,5(�WKDW�WKH�EDVLF�HYHQW�LV�WR�EH�XVHG�IRU�IDLOXUH
UHIHUHQFHV��EXW�VXFFHVV�UHIHUHQFHV�DUH�WR�EH�WUHDWHG�WKH�VDPH�DV�LI�WKH�IODJ�ZDV�EODQN�

Process Flag ’Y’

8VH�GHYHORSHG�HYHQW��LI�HYHQW�IDLOV���XVH�FRPSOHPHQW�RI�GHYHORSHG�HYHQW��LI�HYHQW�VXFFHHGV��
7KDW�LV��D��<��LQGLFDWHV�WKDW�D�WUDQVIHU�LV�WR�EH�UHSODFHG�ZLWK�LWV�EDVLF�HYHQW�IRU�IDLOHG�UHIHUHQFHV
DQG�WKH�FRPSOHPHQW�RI�WKH�HYHQW�LV�WR�EH�XVHG�IRU�VXFFHVV�UHIHUHQFHV�

Process Flag ’X’

$OZD\V�XVH�GHYHORSHG�HYHQW���7KDW�LV��QHYHU�H[SDQG�WKH�IDXOW�WUHH�DQG�VROYH��DOZD\V�XVH�WKH
HYHQW�

Sensitivity Analysis

,I�DQ�HYHQW�LV�PDUNHG�IRU�VHQVLWLYLW\�DQDO\VLV��6$3+,5(�ZLOO�PDS�D�FRUH�GDPDJH�IUHTXHQF\�SORW�
$�VHQVLWLYLW\�DQDO\VLV�DOORZV�\RX�WR�VHH�KRZ�VHQVLWLYH�WKH�FRUH�GDPDJH�IUHTXHQF\�LV�LQ�UHODWLRQ�WR
DQ�HYHQW�

Zoned Flagged Event

$�]RQH�IODJJHG�HYHQW�LV�DQ�HYHQW�WKDW�KDV�EHHQ�PDUNHG�DV�UHSUHVHQWLQJ�D�]RQH��L�H���ORFDWLRQ�RU
DUHD����$Q�H[DPSOH�RI�D�]RQH�LV�D�ILUH�]RQH�RU�D�IORRG�]RQH���:KHQ�6$3+,5(�HQFRXQWHUV�D�]RQH
IODJJHG�HYHQW��LW�SHUIRUPV�D�WUDQVIRUPDWLRQ���$�WUDQVIRUPDWLRQ�LV�DQ�HYHQW�RU�VHW�RI�HYHQWV�WKDW
UHSODFH�D�]RQH�IODJJHG�HYHQW�
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6.1.4 Basic Event Template

Template Name

,I�\RX�ZLVK�WR�XVH�DQRWKHU�HYHQW¶V�LQIRUPDWLRQ�DV�D�WHPSODWH�IRU�WKLV�EDVLF�HYHQW��VHOHFW�WKH
QDPH�RI�WKH�HYHQW�IURP�WKH�GURS�GRZQ�OLVW���7KHQ�FKHFN�WKH�ER[�QH[W�WR�WKH�GHVLUHG
FKDUDFWHULVWLFV�WR�EH�XVHG�E\�WKLV�EDVLF�HYHQW���%\�GHIDXOW��DOO�RI�WKH�WHPSODWH�HYHQW
FKDUDFWHULVWLFV�DUH�VHOHFWHG�

Template Event

6HOHFW�WKLV�FKHFN�ER[�LI�\RX�ZLVK�WR�XVH�WKH�EDVLF�HYHQW�DV�D�WHPSODWH�IRU�RWKHU�EDVLF�HYHQWV�LQ
WKH�GDWDEDVH�
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6.1.5 Basic Event Transformations

6HOHFW�EDVLF�HYHQW�V��IURP�WKH�$OO�(YHQWV�OLVW�DQG�WKH�GHVLUHG�7\SH�DQG�/HYHO�

Transformation - Type

7KLV�ILHOG�LQGLFDWHV�WKH�UHTXLUHG�EHKDYLRU�RI�WKH�FROOHFWLYH�HYHQWV���(QWHU�RQH�RI�WKH�IROORZLQJ�

$1'� �$OO�LQFOXGHG�HYHQWV�PXVW�IDLO���(YHQW�LV�UHSODFHG�ZLWK�DQ�$1'�JDWH��ZLWK�DOO
PDUNHG�HYHQWV�DV�LQSXWV�

25� �$Q\�LQFOXGHG�HYHQWV�PXVW�IDLO���(YHQW�LV�UHSODFHG�ZLWK�DQ�25�JDWH�ZLWK�DOO�PDUNHG
HYHQWV�DV�LQSXWV�

=25� �(YHQWV�PDNH�XS�WKH�]RQH���,I�DQ\�HYHQWV�LQ�WKH�OLVW�IDLO��DOO�HYHQWV�IDLO�

Transformation - Level

(QWHU�DQ�LQWHJHU�EHWZHHQ���DQG�����LQGLFDWLQJ�WKH�OHYHO�RI�VXEVWLWXWLRQ�IRU�WKH�WUDQVIRUPDWLRQ�
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6.1.6 Basic Event Uncertainty

Monte Carlo Sampling (MCS)

6LPSOH�0&6�LV�D�IXQGDPHQWDO�XQFHUWDLQW\�VDPSOLQJ�DSSURDFK���7R�SHUIRUP�WKH�VDPSOLQJ�
6$3+,5(�PDNHV�UHSHDWHG�TXDQWLILFDWLRQV�RI�WKH�V\VWHP�VHTXHQFH�HQG�VWDWH�FXWVHWV�XVLQJ
VDPSOHV�IURP�WKH�EDVLF�HYHQW�XQFHUWDLQW\�GLVWULEXWLRQV���7KLV�W\SH�RI�VDPSOLQJ��UHTXLUHV�PRUH
VDPSOHV�WKDQ�/+6�IRU�WKH�VDPH�GHJUHH�RI�DFFXUDF\�

:KHQ�XVLQJ�WKLV�VDPSOLQJ�WHFKQLTXH��LI�WKH�QXPEHU�RI�VDPSOHV�HQWHUHG�LV�OHVV�WKDQ�WHQ��WKHQ�WKH
QXPEHU�RI�VDPSOHV�ZLOO�EH�LQFUHDVHG�WR�WHQ�EHIRUH�WKH�XQFHUWDLQW\�DQDO\VLV�SURFHVV�ZLOO�FRQWLQXH�
$Q\�QXPEHU�RI�VDPSOHV�JUHDWHU�WKDQ�RU�HTXDO�WR�WHQ�ZLOO�EH�DOORZHG��EXW�D�QXPEHU�RI�DW�OHDVW
�����LV�SUREDEO\�D�EHWWHU�YDOXH�IRU�LPSURYLQJ�WKH�UHOLDELOLW\�RI�WKH�0RQWH�&DUOR�UHVXOWV�

Latin Hypercube Sampling (LHS)

/+6�LV�D�VWUDWLILHG�VDPSOLQJ�WHFKQLTXH�ZKHUH�WKH�UDQGRP�YDULDEOH�GLVWULEXWLRQV�DUH�GLYLGHG�LQWR
HTXDO�SUREDELOLW\�LQWHUYDOV���$�SUREDELOLW\�LV�UDQGRPO\�VHOHFWHG�IURP�ZLWKLQ�HDFK�LQWHUYDO�IRU�HDFK
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EDVLF�HYHQW���*HQHUDOO\��/+6�ZLOO�UHTXLUH�IHZHU�VDPSOHV�WKDQ�VLPSOH�0&6�IRU�VLPLODU�DFFXUDF\�
+RZHYHU��GXH�WR�WKH�VWUDWLILFDWLRQ�PHWKRG��LW�PD\�WDNH�ORQJHU�WR�JHQHUDWH�D�YDOXH�WKDQ�IRU�D�0&6�

:KHQ�XVLQJ�WKLV�WHFKQLTXH��LI�WKH�QXPEHU�RI�VDPSOHV�HQWHUHG�LV�OHVV�WKDQ�WZLFH�WKH�WRWDO�QXPEHU
RI�XQLTXH�HYHQWV�LQ�WKH�V\VWHP�VHTXHQFH�HQG�VWDWH��WKHQ�WKH�QXPEHU�RI�VDPSOHV�ZLOO�EH
LQFUHDVHG�WR�WZR�WLPHV�WKH�WRWDO�QXPEHU�RI�XQLTXH�HYHQWV�EHIRUH�WKH�DQDO\VLV�ZLOO�FRQWLQXH���7KH
/+6�WHFKQLTXH�JLYHV�LWV�EHVW�UHVXOWV�LI�WKH�QXPEHU�RI�VDPSOHV�LV�DW�OHDVW�WZLFH�WKH�WRWDO�QXPEHU�RI
XQLTXH�HYHQWV�

6.2 Terms You Should Know

Developed Event

$Q�HYHQW�LQ�6$3+,5(�WKDW�LV�HLWKHU�DQ�HYHQW�WUHH�WRS�RU�D�IDXOW�WUHH�JDWH���5HJXODU�IDXOW�WUHH�EDVLF
HYHQW�DUH�QRW�FRQVLGHUHG�GHYHORSHG�HYHQWV�

Delete Term

,Q�6$3+,5(��WKH�SURFHVV�NQRZQ�DV��GHOHWH�WHUP��UHIHUV�WR�WKH�UHPRYDO�RI�VHTXHQFH�VXFFHVV�FXW
VHWV�IURP�WKH�OLVW�RI�IDLOXUH�FXW�VHWV�ZKHQ�JHQHUDWLQJ�VHTXHQFH�FXW�VHWV���$V�DQ�H[DPSOH�RI�WKH
�GHOHWH�WHUP���FRQVLGHU�D�VHTXHQFH�ZKHUH�WRS�HYHQW�$�LV�VXFFHVVIXO�DQG�WRS�HYHQW�%�LV�IDLOHG�
$Q\�FXW�VHWV�WKDW�ZRXOG�IDLO�$�VKRXOG�QRW�EH�DOORZHG�LQ�WKH�FXW�VHWV�IRU�%��VR�WKRVH�FXW�VHWV�DUH
UHPRYHG�IURP�WKH�VHTXHQFH�

6.3 Using Generate Event Data to Process Event Data

ô 8VH�WKH�0RGLI\�Þ�%DVLF�(YHQWV�PHQX�WR�HQWHU�EDVLF�HYHQW�GDWD�

ô &ORVH�WKH�EDVLF�HYHQWV�GLDORJV�

ô 6HOHFW�*HQHUDWH�IURP�WKH�PHQX�EDU��DQG�VHOHFW�WKH�*HQHUDWH�EXWWRQ���7R�SURFHVV�WKH
EDVH�FDVH�GDWD��GR�QRW�0DUN�DQ\�FKDQJH�VHWV�
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7. GRAPHICAL OUTPUT
6HFWLRQ���GHVFULEHV�WKH�$OSKD�WR�*UDSKLFV�FRQYHUVLRQ�DQG�3DJH�7UHH�IHDWXUHV�IRU�IDXOW�WUHH
JUDSKLFV��DQG�KRZ�WR�SULQW�IDXOW�WUHH�DQG�HYHQW�WUHH�JUDSKLFV�

7.1 The Fault Tree Alpha to Graphics Feature

)XQFWLRQ�� 7KH��$OSKD�WR�*UDSKLFV��IHDWXUH�XVHV�LQWHUQDOO\�VWRUHG�IDXOW�WUHH�ORJLF�WR�FUHDWH
D�JUDSKLFDO�IDXOW�WUHH�ILOH�WKDW�FDQ�EH�YLHZHG�RU�HGLWHG�LQ�)DXOW�7UHH�PHQX�DQG
SULQWHG�IURP�WKH�5HSRUW�Þ�)DXOW�7UHH�Þ�*UDSKLF�PHQXV�

ô :KHQ�WR�8VH�$OSKD�WR�*UDSKLFV

� 7R�UHSODFH�WKH�IDXOW�WUHH�JUDSKLF�WKDW�\RX�FUHDWHG�LQ�)DXOW�7UHH�Þ�(GLW
*UDSKLFV�ZLWK�D�6$3+,5(�JHQHUDWHG�JUDSKLF�WKDW�LV�HYHQO\�VSDFHG�DQG�DOLJQHG
RU�WR�XVH�GLIIHUHQW�EDVLF�HYHQW�V\PEROV�

� 7R�XSGDWH�WKH�H[LVWLQJ�IDXOW�WUHH�JUDSKLF�EHFDXVH�\RX�XVHG�WKH�IDXOW�WUHH�ORJLF
HGLWRU�WR�PRGLI\�IDXOW�WUHH�ORJLF�

� 7R�FUHDWH�D�IDXOW�WUHH�JUDSKLF�DIWHU�ORDGLQJ�WKH�IDXOW�WUHH�ORJLF�LQWR�WKH�GDWDEDVH
YLD�WKH�0$5�'�LQWHUIDFH�

Using the Fault Tree Alpha-to-Graphics Feature

� 7R�XVH�WKH�$OSKD�WR�*UDSKLFV�IHDWXUH��VHOHFW�8WLOLW\�Þ�)DXOW�7UHH�

� &KRRVH�WKH�$OSKD�WR�*UDSKLFV�VXE�PHQX�RSWLRQ�
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��

� +LJKOLJKW�WKH�GHVLUHG�V\VWHP�V��DQG�FKRRVH�WKH�&RQYHUW�EXWWRQ�

Specifying Alpha to Graphics Conversion Options

� 7R�SODFH�EDVLF�HYHQWV�LQ�WKH�7DEOH�RI�%DVLF
(YHQWV�V\PERO��VHOHFW�WKH��8VH�7DEOHV��FKHFN
ER[�

� <RX�PD\�DOVR�FKRRVH�IURP�WKH�WZR�EDVLF
HYHQW�V\PEROV��WKH�URXQG�%DVLF�(YHQW�V\PERO
RU�WKH�%R[HG�%DVLF�(YHQW�V\PERO���7R�XVH�WKH
%R[HG�%DVLF�(YHQW�V\PERO��VHOHFW�WKH��8VH
%R[HG�(YHQWV��FKHFN�ER[�

� 1RWH���6SHFLDO�EDVLF�HYHQW�V\PEROV�VXFK�DV�WKH�8QGHYHORSHG�(YHQW�V\PERO�DUH
QRW�GLVWLQJXLVKHG�IURP�RUGLQDU\�EDVLF�HYHQWV�LQ�WKH�IDXOW�WUHH�ORJLF��WKHUHIRUH��WKH
$OSKD�WR�*UDSKLFV�FRQYHUVLRQ�ZLOO�RQO\�XVH�WKH�ER[HG��XQER[HG��RU�WDEOH�EDVLF
HYHQW�V\PEROV�
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Example of Alpha to Graphics Conversion

$OSKD�WR�*UDSKLFV�&RQYHUVLRQ

ô $IWHU�SHUIRUPLQJ�WKH�$OSKD�WR�*UDSKLFV�FRQYHUVLRQ��WKH�IDXOW�WUHH�ORJLF�LV�FRQYHUWHG�WR�D
JUDSKLFDO�IDXOW�WUHH���7KH�FRQYHUVLRQ�ZDV�SHUIRUPHG�XVLQJ�7DEOHV�DQG�%R[HG�%DVLF
(YHQWV�

ô *DWH�DQG�EDVLF�HYHQW�GHVFULSWLRQV�ZLOO�DXWRPDWLFDOO\�EH�SODFHG�RQ�WKH�IDXOW�WUHH�
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7.2 The Page Tree Feature

)XQFWLRQ�� 7KH�3DJH�7UHH�RSWLRQ�LV�XVHG�WR�SHUPDQHQWO\�GLYLGH�RQH�IDXOW�WUHH��SDJH��RU�ILOH
LQWR�VHYHUDO��SDJHV��RU�ILOHV���7KLV�DOORZV�\RX�WR�GLYLGH�WKH�FRQWHQWV�RI�D�IDXOW�WUHH
ILOH�VR�WKDW�LW�ILWV�RQWR�D�SULQWHG�SDJH���'LYLGLQJ�WKH�IDXOW�WUHH�LV�DFFRPSOLVKHG�E\
SLFNLQJ�JDWHV�WR�EH�FKDQJHG�LQWR�WUDQVIHUV���$GGLWLRQDOO\��\RX�FDQ�EUHDN�RXW�D
VXEWUHH�DW�D�XVHU�VSHFLILHG�JDWH��RXWSXW�JDWHV�ZLWK�PXOWLSOH�UHIHUHQFHV�WR�D
VHSDUDWH�VXEUHH��RU�RXWSXW�PXOWLSOH�WRS�JDWHV�LQWR�VHSDUDWH�IDXOW�WUHHV�

:KHQ�8VLQJ�WKH�3DJH�7UHH�)HDWXUH��

ô ,W�LV�D�JRRG�LGHD�WR�VDYH�D�FRS\�RI�WKH�WUHH�WR�EH�SDJHG�VLQFH��XQSDJLQJ��WKH�WUHH�ZLOO
UHTXLUH�PDQXDO�LQWHUYHQWLRQ�

Using the Page Tree Feature

� 7R�XVH�WKH�3DJH�7UHH�IHDWXUH��VHOHFW�WKH�)DXOW�7UHH�RSWLRQ�IURP�WKH�PHQX�EDU�
� +LJKOLJKW�WKH�IDXOW�WUHH�WR�EH�SDJHG�DQG�ULJKW�FOLFN�WR�LQYRNH�WKH�SRS�XS�PHQX�
� 6HOHFW�WKH�3DJH�7UHH�RSWLRQ�

� 7KH�3DJH�)DXOW�7UHH�/RJLF�GLDORJ�LV�GLVSOD\HG�
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3DJH�2SWLRQV
0XOWLSOH���%UHDN�RXW�JDWHV�ZLWK�PXOWLSOH�UHIHUHQFHV��L�H���JDWHV�WKDW�DSSHDU�LQ�PRUH�WKDQ�RQH

ORFDWLRQ�ZLWKLQ�WKH�IDXOW�WUHH��DQG�RXWSXW�WKH�ORJLF�LQWR�VHSDUDWH�VXEWUHHV���(QDEOHG�RQO\
ZKHQ�PXOWLSO\�UHIHUHQFHG�JDWHV�DUH�GHWHFWHG�

7RSV���$XWRPDWLFDOO\�VHSDUDWH�WKH�ORJLF�ILOH�LQWR�GLIIHUHQW�IDXOW�WUHHV�E\�WKH�WRS�HYHQWV�
(QDEOHG�RQO\�ZKHQ�PXOWLSOH�WRSV�LQ�WKH�ORJLF�DUH�GHWHFWHG�

*DWH���&UHDWH�D�VHSDUDWH�IDXOW�WUHH�ORJLF�ILOH�ZLWK�WKH�VSHFLILHG�JDWH�DV�WKH�WRS�HYHQW�
)LQG���/RFDWH�D�VSHFLILHG�JDWH�
*R�7R���)ROORZ�D�WUDQVIHU�WR�DQRWKHU�IDXOW�WUHH�ILOH�
0HUJH���0HUJH�WKH�ORJLF�UHSUHVHQWHG�E\�D�WUDQVIHU�JDWH�LQWR�WKH�FXUUHQW�IDXOW�WUHH�ILOH���7KLV

ZLOO�RFFXU�RQO\�LI�WKH�JDWH�LV�QRW�UHIHUHQFHG�PRUH�WKDQ�RQFH�ZLWKLQ�WKH�IDXOW�WUHH�
$XWR�3DJH���$XWRPDWLFDOO\�EUHDN�WKH�IDXOW�WUHH�LQWR�HDVLO\�YLHZDEOH�VHJPHQWV
([SDQG���([SDQG�DOO�JDWHV�LQ�WKH�FXUUHQW�IDXOW�WUHH�ILOH�
%DFN���5HORDG�WKH�SUHYLRXV�IDXOW�WUHH�ILOH���7KLV�RSWLRQ�LV�HQDEOHG�RQO\�DIWHU�H[HFXWLQJ�WKH�*R�7R

RSWLRQ�
3DJHV���/LVW�RI�H[LVWLQJ�SDJHV���'RXEOH�FOLFN�RQ�D�SDJH�LQ�WKH�OLVW�WR�PDNH�LW�WKH�FXUUHQW�SDJH�
([LW���&ORVH�WKH�3DJH�6\VWHP�/RJLF�GLDORJ���,I�FKDQJHV�ZHUH�PDGH�WR�WKH�V\VWHP�ORJLF��\RX�ZLOO

EH�SURPSWHG�WR�VDYH�WKH�FKDQJHV�EHIRUH�H[LWLQJ�
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7.3 Printing Fault Tree Graphics

� 7R�SULQW�IDXOW�WUHH�JUDSKLFV��VHOHFW�5HSRUW�Þ�)DXOW�7UHH�Þ�*UDSKLF�

� 6HOHFW�WKH�ILOHV�WR�EH�SUHSDUHG�IRU�SORWWLQJ��DQG�FKRRVH�WKH�&RQWLQXH�EXWWRQ�

7KH�)DXOW�7UHH�3ULQWHU�ZLQGRZ�ZLOO�EH�GLVSOD\HG�DORQJ�ZLWK�WKH�3ULQW�GLDORJ�

� 1RWH���WKH�VL]H�DQG�DOLJQPHQW�RI�WKH�JUDSKLF�DV�LW�DSSHDUV�LQ�WKH�JUDSKLFDO�HGLWRU�SULRU�WR
XVLQJ�WKH�SULQW�RSWLRQ�GLFWDWHV�WKH�DSSHDUDQFH�RI�WKH�SULQWHG�JUDSKLF�
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7.4 Printing Event Tree Graphics

� 7R�SULQW�HYHQW�WUHH�JUDSKLFV��VHOHFW�5HSRUW�Þ�(YHQW�7UHH�Þ�*UDSKLF�

� 6HOHFW�WKH�ILOHV�WR�EH�SUHSDUHG�IRU�SORWWLQJ��DQG�FKRRVH�WKH�&RQWLQXH�EXWWRQ�

7KH�(YHQW�7UHH�3ULQWHU�ZLQGRZ�ZLOO�EH�GLVSOD\HG�DORQJ�ZLWK�WKH�3ULQW�GLDORJ�

� 1RWH���WKH�VL]H�DQG�DOLJQPHQW�RI�WKH�JUDSKLF�DV�LW�DSSHDUV�LQ�WKH�JUDSKLFDO�HGLWRU�SULRU�WR
XVLQJ�WKH�SORW�RSWLRQ�GLFWDWHV�WKH�DSSHDUDQFH�RI�WKH�SULQWHG�JUDSKLF�
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Fault Tree Printer

� 7KLV�ZLQGRZ�LV�GLVSOD\HG�ZKHQ�SULQWLQJ�HYHQW�WUHH�RU�IDXOW�WUHH�JUDSKLFV�ILOHV�

2.���3ULQW�WKH�JUDSKLF�ILOH�V��WR�WKH�GHVLJQDWHG�SULQWHU�
&DQFHO���&ORVH�WKH�3ULQW�GLDORJ�DORQJ�ZLWK�WKH�)DXOW�7UHH�3ULQWHU�ZLQGRZ�
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8. GENERATING SYSTEM CUT SETS
6HFWLRQ���GHVFULEHV�KRZ�WR�JHQHUDWH�V\VWHP��L�H���IDXOW�WUHH��FXW�VHWV���0RGHO�SUHSDUDWLRQ�SULRU�WR
JHQHUDWLQJ�FXW�VHWV�LV�GLVFXVVHG��DQG�WKH�YDULRXV�DQDO\VLV�DQG�WUXQFDWLRQ�RSWLRQV�DUH�GHVFULEHG�
&XW�VHW�GLVSOD\�IHDWXUHV�DUH�DOVR�SUHVHQWHG�

ô ,QGLFDWH�VHYHUDO�SUHUHTXLVLWHV�IRU�JHQHUDWLQJ�V\VWHP�FXW�VHWV�

ô *HQHUDWH�V\VWHP�FXW�VHWV�

ô 9LHZ�JHQHUDWHG�V\VWHP�FXW�VHW�UHVXOWV�

8.1 Prerequisites for Generating System Cut Sets

¶ )DXOW�WUHH�ORJLF�ZDV�FUHDWHG�E\�XVLQJ�WKH�IDXOW�WUHH�JUDSKLFV�HGLWRU��IDXOW�WUHH�ORJLF
HGLWRU��RU�ORDGHG�LQWR�WKH�GDWDEDVH�YLD�WKH�0$5�'�LQWHUIDFH�

· %DVLF�HYHQW�GDWD�ZHUH�DGGHG�WKURXJK�WKH�0RGLI\�Þ�%DVLF�(YHQWV�PHQX�
¸ %DVLF�HYHQW�GDWD�ZDV�SUHSDUHG�IRU�PRGHO�SURFHVVLQJ�E\�XVLQJ�WKH�*HQHUDWH

RSWLRQ�
¹ )DXOW�WUHH�WUDQVIHUV�DUH�SURSHUO\�PRGHOHG�VR�WKDW

� 7KHUH�DUH�QR�ORJLF�ORRSV�LQ�WKH�IDXOW�WUHHV

� 7KHUH�LV�RQO\�RQH�WRS�JDWH�LQ�HDFK�IDXOW�WUHH

� 7KH�QDPLQJ�RI�WUDQVIHU�JDWHV�DQG�IDXOW�WUHH�ILOHQDPHV�LV�FRQVLVWHQW�

Logic Loop Example

7KH�FRUUHFW�ZD\�WR��EUHDN�WKH�ORRS��ZLOO�GHSHQG�RQ�ZKLFK�V\VWHP�LV�EHLQJ�DQDO\]HG�
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8.2 Menus and options for system cut set generation

� 6HOHFW�WKH�)DXOW�7UHH�RSWLRQ�IURP�WKH�PHQX�

� 0DUN�WKH�)DXOW�7UHHV�XVLQJ�WKH�PDVN�IHDWXUH��RU�XVLQJ�WKH�PRXVH�

� 5LJKW�FOLFN�WR�LQYRNH�WKH�SRS�XS�PHQX�

� 6HOHFW�WKH�6ROYH�RSWLRQ�
� 
 In the left-hand column…
E���IODJV�V\VWHPV�ZLWK�EDVH�FDVH�FXW�VHWV
D���IODJV�V\VWHPV�ZLWK�DOWHUQDWH�FDVH�FXW�VHWV

7KLV�RSWLRQ�XVHV�WKH�IDXOW�WUHH�ORJLF�IURP�DOO�IDXOW�WUHHV�WKDW�OLQN�WR�WKH�WRS�JDWH�LQ�WKH�V\VWHP�
7KH�V\VWHP�SUREDELOLW\�LV�TXDQWLILHG�XVLQJ�WKH�PLQLPDO�FXW�VHW�XSSHU�ERXQG�DSSUR[LPDWLRQ�
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Truncation Parameters

� 6HOHFW�WKH�GHVLUHG�WUXQFDWLRQ�SDUDPHWHUV�RQ�WKH�GLDORJ��DQG�FKRRVH�2.�WR�EHJLQ
JHQHUDWLQJ�FXW�VHWV�

<��&XWRII�E\�&XW�6HW�3UREDELOLW\���,I�\RX�VHOHFW�WKLV�FKHFN�ER[��WKHQ�WKRVH�FXW�VHWV�EHORZ�WKH
FXWRII�YDOXH�ZLOO�QRW�EH�UHWDLQHG���&KRRVH�RQH�RI�WKH�UDGLR�EXWWRQV�

*OREDO���2QO\�WKRVH�FXW�VHWV�ZKRVH�SURGXFW�IRU�DOO�RI�LWV�HYHQW�SUREDELOLWLHV�LV�JUHDWHU
WKDQ�RU�HTXDO�WR�WKH�YDOXH�LQ�WKH���*OREDO�&XWRII�9DOXH�ILHOG�ZLOO�EH�NHSW�
)DXOW�7UHH���2QO\�WKRVH�FXW�VHWV�ZKRVH�SURGXFW�IRU�DOO�RI�LWV�HYHQW�SUREDELOLWLHV�LV
JUHDWHU�WKDQ�RU�HTXDO�WR�WKH�IDXOW�WUHH¶V�FXWRII�YDOXH�ZLOO�EH�NHSW���7KLV�YDOXH�LV
HQWHUHG�LQ�WKH�0RGLI\ Þ�)DXOW�7UHH�RSWLRQ�

<��&XWRII�E\�(YHQW�3UREDELOLW\���,I�\RX�VHOHFW�WKLV�FKHFN�ER[��WKHQ�\RX�PXVW�DOVR�VHOHFW�WKH
&XWRII�E\�&XW�6HW�3UREDELOLW\�FKHFN�ER[���7KLV�RSWLRQ�ZLOO�UHWDLQ�FXW�VHWV�FRPSULVHG�RI�EDVLF
HYHQWV�WKDW�DUH�DERYH�WKH�0LQ���&XWRII�9DOXH��HYHQ�LI�WKH�FXW�VHW�LV�EHORZ�WKH�*OREDO�&XWRII
9DOXH�

<��&XW�6HW�6L]H���,I�\RX�VHOHFW�WKLV�FKHFN�ER[��WKHQ�FXW�VHWV�KDYLQJ�PRUH�HYHQWV�WKDQ�VSHFLILHG�LQ
WKH�!�&XWRII�9DOXH�ILHOG�ZLOO�QRW�EH�UHWDLQHG���,I�\RX�VHOHFW�WKH�=RQH�FKHFN�ER[��WKHQ�FXW�VHWV
KDYLQJ�PRUH�=RQH�)ODJJHG�(YHQWV�WKDQ�VSHFLILHG��LQ�WKH�!�&XWRII�9DOXH�ILHOG�ZLOO�QRW�EH
UHWDLQHG���,I�QHLWKHU�FKHFN�ER[�LV�VHOHFWHG��WKHQ�WKH�QXPEHU�RI�HYHQWV�LQ�D�FXW�VHW�ZLOO�QRW�DIIHFW
ZKHWKHU�WKH�FXW�VHW�LV�UHWDLQHG�RU�GLVFDUGHG�

<��6WDUWLQJ�*DWH�1DPH���,I�\RX�OHDYH�WKH�ILHOG�EODQN��WKH�WRS�JDWH�LQ�WKH�V\VWHP�ZLOO�EH�XVHG���,I
\RX�VSHFLI\�D�JDWH��WKDW�JDWH�ZLOO�EH�XVHG�DV�WKRXJK�LW�ZHUH�WKH�WRS�JDWH�

< )ODJ�6HW��1DPH���,I�\RX�OHDYH�WKH�ILHOG�EODQN��WKH�V\VWHP�VSHFLILF�IODJ�VHW��LI�DQ\��ZLOO�EH
XVHG���,I�\RX�VSHFLI\�D�IODJ�VHW��WKDW�IODJ�VHW�ZLOO�EH�XVHG�GXULQJ�SURFHVVLQJ�

< $XWR�$SSO\�5HFRYHU\�5XOHV�±�,I�\RX�FKHFN�ER[��DQ\�UHFRYHU\�UXOHV�DVVRFLDWHG�ZLWK�WKLV
IDXOW�WUHH�ZLOO�DXWRPDWLFDOO\�EH�DSSOLHG�DIWHU�WKH�IDXOW�WUHH�FXW�VHWV�KDYH�EHHQ�JHQHUDWHG�
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Quantify

7KLV�VXEPHQX�SURYLGHV�RSWLRQV�IRU�UHTXDQWLI\LQJ
H[LVWLQJ�FXUUHQW�FDVH�V\VWHP�FXW�VHWV���7KHVH�RSWLRQV
DUH�GHVLJQHG�WR�TXLFNO\�UHTXDQWLI\�WKH�FXW�VHWV�ZKHQ
GDWD�FKDQJHV�KDYH�EHHQ�PDGH����1RWH��LI�GDWD
FKDQJHV�LQFUHDVH�WKH�IDLOXUH�SUREDELOLW\�RI�DQ�HYHQW�
WKH�6ROYH�RSWLRQ�VKRXOG�EH�XVHG�LQVWHDG��

Minimal Cut Set Upper Bound Approximation

7KLV�FDOFXODWLRQ�DSSUR[LPDWHV�WKH�SUREDELOLW\�RI�WKH�XQLRQ�RI�WKH�PLQLPDO�FXW�VHWV�IRU�WKH�IDXOW
WUHHV���7KH�HTXDWLRQ�IRU�WKH�PLQLPDO�FXW�VHW�XSSHU�ERXQG�LV

S =  1 - (1 - C )
i=1

m

i∏
ZKHUH

6� �PLQLPDO�FXW�VHW�XSSHU�ERXQG�IRU�WKH�V\VWHP�XQDYDLODELOLW\�
&L�� �SUREDELOLW\�RI�WKH�L�WK�FXW�VHW��DQG
P� �WKH�QXPEHU�RI�FXW�VHWV�

([DPSOH��,I�WKH�FXW�VHWV�IRU�D�V\VWHP�DUH�;� �$�c�%c�&��L�H���WKH�XQLRQ�RI�WKUHH�HYHQWV��$��%�
DQG�&���WKHQ�WKH�FXW�VHWV�FDQ�EH�ZULWWHQ�DV�;� �$���%���&�ZLWK�WKH�SOXV�V\PERO�LQGLFDWLQJ�XQLRQ�
7KH�V\VWHP�XQDYDLODELOLW\�FRPSXWHG�IURP�WKH�PLQLPDO�FXW�VHW�XSSHU�ERXQG�DSSUR[LPDWLRQ�LV�WKHQ
;� ����������$������%������&��

Min Max Quantification

7KH�0LQ�0D[�TXDQWLILFDWLRQ�RSWLRQ�TXDQWLILHV�WKH�FXUUHQW�FDVH�FXW�VHWV�XVLQJ�WKH�H[DFW�SUREDELOLW\
TXDQWLILFDWLRQ�DOJRULWKP��)URP�WKH�H[DPSOH�DERYH��WKH�H[DFW�V\VWHP�XQDYDLODELOLW\�LV

;� ��$���%���&�����$��%���$��&���%��&�����$��%��&��
ZLWK�WKH�QXPEHU�RI�SDVVHV�LQ�WKLV�H[DPSOH�EHLQJ����FRUUHVSRQGLQJ�WR�WKH�QXPEHU�RI�SDLUV�RI
SDUHQWKHVHV�

Uncertainty

3HUIRUPV�0RQWH�&DUOR�RU�/DWLQ�+\SHUFXEH�XQFHUWDLQW\�DQDO\VLV�IRU�WKH�VHOHFWHG�V\VWHP���6\VWHP
XQFHUWDLQW\�DQDO\VLV�LV�GLVFXVVHG�IXUWKHU�LQ�6HFWLRQ���
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Cut Set Analysis

7KLV�VXE�PHQX�SURYLGHV�RSWLRQV�IRU�FXW�VHW�PDQLSXODWLRQ�

Cut Set Update

7KLV�RSWLRQ�XVHV�WKH�H[LVWLQJ�FXUUHQW�FDVH�FXW�VHWV��XQOHVV�WKH�XVHU�VSHFLILHV�WKDW�EDVH�FDVH�FXW
VHWV�DUH�WR�EH�XVHG�LQVWHDG����1RQ�PLQLPDO�FXW�VHWV�DUH�HOLPLQDWHG�DQG�WKH�V\VWHP�SUREDELOLW\�LV
TXDQWLILHG�XVLQJ�WKH�PLQLPDO�FXW�VHW�XSSHU�ERXQG�DSSUR[LPDWLRQ�

Prune Cut Sets

7KLV�LV�RQH�RI�WKH�RSWLRQV�WKDW�DOORZV�\RX�WR�HOLPLQDWH�FXW�VHWV�IURP�D�VHOHFWHG�V\VWHP�WKDW
FRQWDLQV�HYHQWV�ZKLFK�FRQIOLFW�LQ�VRPH�ZD\�ZLWK�RQH�DQRWKHU���7KH�SUXQH�FXW�VHW�RSWLRQ�KDV�EHHQ
VXSHUFHGHG�E\�WKH��&XW�6HW��5HFRYHU\��RSWLRQ�

Analysis Type

6HOHFW�WKH�5$1'20�DQDO\VLV�W\SH�IRU�PDWHULDO�FRYHUHG�LQ�WKLV�FODVV���7KH�RWKHU�DQDO\VLV�W\SHV
DUH�SURYLGHG�IRU�SHUIRUPLQJ�ILUH��IORRG��VHLVPLF��DQG�RWKHU�KD]DUG�DQDO\VHV�
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Displaying System Cut Set Results

��
� 7R�GLVSOD\�V\VWHP�FXW�VHWV��VHOHFW�6\VWHP�IURP

WKH�PHQX�EDU�

� +LJKOLJKW�WKH�V\VWHP�WKDW�\RX�ZDQW�WR�YLHZ��ULJKW�
FOLFN�WR�LQYRNH�WKH�SRS�XS�PHQX�

� 6HOHFW�WKH�'LVSOD\�Þ�&XW�6HWV�RSWLRQ�

Selecting System Cut Sets to View

� 7KH�V\VWHP�FXW�VHWV�DQG�PLQLPDO�FXW�VHW�XSSHU�ERXQG�DSSUR[LPDWLRQ�RI�WKH�V\VWHP
IDLOXUH�SUREDELOLW\�DUH�QRZ�GLVSOD\HG�

� 7R�YLHZ�WKH�EDVLF�HYHQWV�LQ�D�FXW�VHW��KLJKOLJKW�WKH�FXW�VHW��FKRRVH�WKH�9LHZ�&XW�6HW
EXWWRQ�
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Viewing System Cut Sets

� 7KH�EDVLF�HYHQWV��WKHLU�IDLOXUH�SUREDELOLWLHV�DQG�GHVFULSWLRQV�DUH�QRZ�GLVSOD\HG�

� 7R�YLHZ�LQGLYLGXDO�EDVLF�HYHQW�LQIRUPDWLRQ��KLJKOLJKW�WKH�EDVLF�HYHQW��DQG�FKRRVH�WKH
9LHZ�(YHQW�EXWWRQ�

� 7R�ILQG�RXW�ZKHUH�WKH�HYHQWV�LQ�WKH�FXW�VHW�FDPH�IURP��ULJKW�FOLFN�RQ�D�FXW�VHW�DQG�VHOHFW
WKH�3DWK�6HDUFK�RSWLRQ�

7KH�3DWK�6HDUFK�RSWLRQ�WUDFHV�WKURXJK�WKH�IDXOW�WUHH�ORJLF�WR�LQGLFDWH�H[DFWO\�ZKHUH�LQ�WKH
ORJLF�GLG�WKH�FXW�VHW�FRPH�IURP�
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Viewing Basic Event Information for an Individual Cut Set

� 7KH�LQGLYLGXDO�EDVLF�HYHQW�LQIRUPDWLRQ�LV�QRZ�GLVSOD\HG�
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9. SYSTEM UNCERTAINTY ANALYSIS
6HFWLRQ���GHVFULEHV�XQFHUWDLQW\�DQDO\VLV�IRU�V\VWHPV���7KH�FRQFHSW�RI�SHUIRUPLQJ�XQFHUWDLQW\
DQDO\VLV�YLD�0RQWH�&DUOR�RU�/DWLQ�+\SHUFXEH�VDPSOLQJ�LV�GLVFXVVHG�

ô ([SODLQ�WKH�WZR�W\SHV�RI�XQFHUWDLQW\�DQDO\VLV�WHFKQLTXHV�DYDLODEOH�LQ�6$3+,5(�

ô /LVW�WKH�GLIIHUHQW�XQFHUWDLQW\�GLVWULEXWLRQV�VXSSRUWHG�E\�6$3+5(�

ô 3HUIRUP�V\VWHP�XQFHUWDLQW\�DQDO\VLV�

ô 'LVSOD\�V\VWHP�XQFHUWDLQW\�DQDO\VLV�UHVXOWV�

9.1 System Uncertainty Analysis

ô 8QFHUWDLQW\�DQDO\VLV�FDOFXODWHV�WKH�YDULDELOLW\�RI�D�V\VWHP�WRS�HYHQW�SUREDELOLW\�UHVXOWLQJ
IURP�XQFHUWDLQWLHV�LQ�WKH�EDVLF�HYHQW�SUREDELOLWLHV�

ô 6$3+,5(�SURYLGHV�WZR�XQFHUWDLQW\�DQDO\VLV�WHFKQLTXHV�

� 6LPSOH�0RQWH�&DUOR�VDPSOLQJ

� /DWLQ�+\SHUFXEH�VDPSOLQJ

Simple Monte Carlo Sampling

< $�IXQGDPHQWDO�DSSURDFK�
< 0DNHV�UHSHDWHG�TXDQWLILFDWLRQV�RI�WKH�V\VWHP�FXWVHWV�XVLQJ�HDFK�UDQGRP�YDULDEOH

VDPSOHG�IURP�WKH�EDVLF�HYHQW�XQFHUWDLQW\�GLVWULEXWLRQV�
< 5HTXLUHV�PRUH�VDPSOHV�WKDQ�/DWLQ�+\SHUFXEH�VDPSOLQJ�IRU�WKH�VDPH�GHJUHH�RI

DFFXUDF\�

Latin Hypercube Sampling

< $�VWUDWLILHG�VDPSOLQJ�WHFKQLTXH��ZLWK�WKH�UDQGRP�YDULDEOH�GLVWULEXWLRQV�GLYLGHG�LQWR�HTXDO
SUREDELOLW\�LQWHUYDOV�

< 3UREDELOLW\�UDQGRPO\�VHOHFWHG�IURP�ZLWKLQ�HDFK�LQWHUYDO�
< 0D\�UHTXLUH�IHZHU�VDPSOHV�WKDQ�VLPSOH�0RQWH�&DUOR�IRU�VLPLODU�DFFXUDF\��KRZHYHU��LW

PD\�WDNH�ORQJHU�WR�JHQHUDWH�D�UDQGRP�YDOXH�WKDQ�IRU�D�VLPSOH�0RQWH�&DUOR�VDPSOH�
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9.2 Uncertainty Distributions for Basic Events

ô %DVLF�HYHQW�GLVWULEXWLRQ�W\SHV�VXSSRUWHG�E\�6$3+,5(�

'LVWULEXWLRQ &RGH 3DUDPHWHU
%ODQN �8VH�SRLQW�HVWLPDWH�YDOXH�RQO\�

/RJQRUPDO / HUURU�IDFWRU

1RUPDO 1 VWDQGDUG�GHYLDWLRQ

%HWD % E�LQ�%HWD�D��E�

'LULFKOHW '

*DPPD * U�LQ���U�

&KL�VTXDUHG & GHJUHHV�RI�IUHHGRP

([SRQHQWLDO ( �QRQH�

8QLIRUP 8 XSSHU�HQG�SRLQW

+LVWRJUDPV + KLVWRJUDP�QXPEHU

0D[��(QWURS\ 0 ORZHU�DQG�XSSHU�HQG�SRLQW

6HLVPLF 6 %HWD�U��%HWD�X

&RQVWUDLQHG�1RQLQIRUPDWLYH 2

ô &RUUHODWLRQ�FODVVHV�PD\�EH�VSHFLILHG�E\�WKH�XVHU�WR�LGHQWLI\�GDWD��RU�RWKHU��GHSHQGHQFLHV
IRU�EDVLF�HYHQWV�XVLQJ�GDWD�GHULYHG�IURP�WKH�VDPH�GDWD�VRXUFH�

9.3 Menus and Options for Performing System Uncertainty
Analysis

� 6HOHFW�)DXOW�7UHH�IURP�WKH�PHQX�EDU�

� 0DUN�WKH�IDXOW�WUHH�V��IRU�XQFHUWDLQW\�DQDO\VLV��ULJKW�FOLFN�WR�LQYRNH�WKH�SRS�XS�PHQX�

� 6HOHFW�WKH�8QFHUWDLQW\�RSWLRQ���7KH�IDXOW�WUHH�XQFHUWDLQW\�ZLOO�EH�FDOFXODWHG�IRU�HDFK�IDXOW
WUHH�PDUNHG�
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Uncertainty Calculation Values

� (QWHU�WKH�XQFHUWDLQW\�FDOFXODWLRQ�YDOXHV�RQ�WKH�VFUHHQ�

< 6HOHFW�RQH�RI�WKH�XQFHUWDLQW\�PHWKRG�UDGLR�EXWWRQV��0RQWH�&DUOR�RU�/DWLQ
+\SHUFXEH�

< ,QSXW�WKH�QXPEHU�RI�VDPSOHV����$�ODUJHU�QXPEHU�RI�VDPSOHV�ZLOO�SURYLGH�PRUH
DFFXUDWH�UHVXOWV�EXW�ZLOO�UHTXLUH�PRUH�FRPSXWDWLRQ�WLPH��

< (QWHU�D�YDOXH�IRU�WKH�UDQGRP�QXPEHU�JHQHUDWRU��VHHG�RU�DFFHSW�WKH�GHIDXOW�
(QWHU�]HUR�WR�REWDLQ�D�UDQGRP�VHHG�IURP�WKH�V\VWHP�FORFN�

< (QWHU�D�*URXQG�$FFHOHUDWLRQ�/HYHO�LI�VHLVPLF�XQFHUWDLQW\�LV�VHOHFWHG�

< 237,21$/���7R�VDYH�LQWHUPHGLDWH�VDPSOH�UHVXOWV�WR�D�GLVN�ILOH�IRU�UHYLHZ��VHOHFW
WKH�2XWSXW�9DOXHV�FKHFN�ER[�DQG�SURYLGH�WKH�2XWSXW�ILOH�QDPH���1RWH�WKDW�WKH
UHVXOWLQJ�WH[W�ILOH�PD\�EH�TXLWH�ODUJH�
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Uncertainty Results

� 8QFHUWDLQW\�UHVXOWV�ZLOO�EH�GLVSOD\HG�EULHIO\
RQ�WKH�VFUHHQ�IROORZLQJ�WKH�XQFHUWDLQW\
FDOFXODWLRQ�

� 8QFHUWDLQW\�UHVXOWV�IRU�HDFK�V\VWHP�FDQ
DOVR�EH�GLVSOD\HG�IURP�WKH�6\VWHP�Þ
'LVSOD\�Þ�8QFHUWDLQW\�PHQX�
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10. SYSTEM IMPORTANCE ANALYSIS
6HFWLRQ����GHVFULEHV�WKH�YDULRXV�V\VWHP�LPSRUWDQFH�PHDVXUHV�DYDLODEOH�LQ�6$3+,5(���$OVR��KRZ
WR�FDOFXODWH�WKH�LPSRUWDQFH�PHDVXUHV�XVLQJ�6$3+,5(�LV�VKRZQ�

ô ([SODLQ�WKH�XVH�DQG�PHDQLQJ�RI�LPSRUWDQFH�PHDVXUHV�

ô 'HILQH�WKH�LPSRUWDQFH�PHDVXUHV�WKDW�DUH�DYDLODEOH�LQ�6$3+,5(�IRU�V\VWHPV��IDXOW�WUHHV��

ô 'LVFXVV�WKH�VWHSV�XVHG�WR�FDOFXODWH�V\VWHP�LPSRUWDQFH�PHDVXUHV�

ô 9LHZ�UDWLR�LPSRUWDQFH�PHDVXUH�UHVXOWV�

ô 9LHZ�GLIIHUHQFH�LPSRUWDQFH�PHDVXUH�UHVXOWV

10.1 System Importance Measures

ô ,PSRUWDQFH�PHDVXUHV�SURYLGH��UHOLDELOLW\�ZRUWK��LQIRUPDWLRQ�DERXW�EDVLF�HYHQWV
DSSHDULQJ�LQ�WKH�FXW�VHWV�IRU�D�IDXOW�WUHH�

ô &RPSRQHQWV�VKRZLQJ�KLJK�UHODWLYH�LPSRUWDQFH�PD\�EH�FDQGLGDWHV�IRU�HLWKHU�����FORVH
PRQLWRULQJ�WR�HQVXUH�WKDW�WKH�FRPSRQHQW�GRHV�QRW�GHJUDGH�RYHU�WLPH�RU�����GHVLJQ
FKDQJHV�WR�LQFUHDVH�WKH�FRPSRQHQW�UHOLDELOLW\�

ô 5DWLR��'LIIHUHQFH�RU�8QFHUWDLQW\�LPSRUWDQFHV�FDQ�EH�VHOHFWHG�

� :KHQ�\RX�VHOHFW�5DWLR�,PSRUWDQFHV���)XVVHOO�9HVHO\�,PSRUWDQFH��5LVN
5HGXFWLRQ�5DWLR��DQG�5LVN�,QFUHDVH�5DWLR�ZLOO�EH�FDOFXODWHG��GLVSOD\HG��DQG
UHSRUWHG�

� :KHQ�\RX�VHOHFW�'LIIHUHQFH�,PSRUWDQFHV���%LUQEDXP�,PSRUWDQFH��5LVN
5HGXFWLRQ�,QWHUYDO��5LVN�,QFUHDVH�,QWHUYDO�ZLOO�EH�FDOFXODWHG��GLVSOD\HG��DQG
UHSRUWHG�
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10.2 Definitions of the Importance Measures

Fussell-Vesely Importance (FV)

$Q�LQGLFDWLRQ�RI�WKH�IUDFWLRQDO�FRQWULEXWLRQ�RI�WKH�EDVLF�HYHQW�WR�WKH�PLQLPDO�FXW�VHW�XSSHU�ERXQG�
7KH�HTXDWLRQ�IRU�)9�LPSRUWDQFH�LV

)9� �>)�[����)���@�)�[�

ZKHUH
)�[��LV�WKH�RULJLQDO�PLQLPDO�FXW�VHW�XSSHU�ERXQG
)����LV�WKH�PLQLPDO�FXW�VHW�XSSHU�ERXQG�ZLWK�WKH�HYHQW�SUREDELOLW\�VHW�HTXDO�WR
����

Risk Reduction Ratio (RRR) or Risk Reduction Interval (RRI)

$Q�LQGLFDWLRQ�RI�KRZ�PXFK�WKH�PLQLPDO�FXW�VHW�XSSHU�ERXQG�ZRXOG�GHFUHDVH�LI�WKH�EDVLF�HYHQW
SUREDELOLW\�ZDV�UHGXFHG��WR�D�SUREDELOLW\�RI������

555� �)�[��)���

55,� �)�[����)���
�1RWH�WKH�VLPLODULW\�EHWZHHQ�55,�DQG�)9��WKH�UHODWLYH�LPSRUWDQFH�UDQNLQJ�RI�EDVLF�HYHQWV�ZLOO�EH
WKH�VDPH�IRU�WKH�WZR�LPSRUWDQFH�PHDVXUHV��

Risk Increase Ratio (RIR)or Risk Increase Interval (RII)

$Q�LQGLFDWLRQ�RI�KRZ�PXFK�WKH�PLQLPDO�FXW�VHW�XSSHU�ERXQG�ZRXOG�LQFUHDVH�LI�WKH�EDVLF�HYHQW
SUREDELOLW\�ZDV�LQFUHDVHG��WR�D�SUREDELOLW\�RI������

�1RWH��,I�WKH�HYHQW�SUREDELOLW\�LV�FORVH�WR������WKLV�LPSRUWDQFH�PHDVXUH�PD\�\LHOG�D�VPDOO�5,5�RU
5,,��

5,5� �)����)�[�
5,,� �)������)�[�

ZKHUH
)�[��LV�WKH�RULJLQDO�PLQLPDO�FXW�VHW�XSSHU�ERXQG
)����LV�WKH�PLQLPDO�FXW�VHW�XSSHU�ERXQG�ZLWK�WKH�HYHQW�SUREDELOLW\�VHW�HTXDO�WR
����
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Birnbaum Importance (B)

,QGLFDWHV�WKH�VHQVLWLYLW\�RI�WKH�PLQLPDO�FXW�VHW�XSSHU�ERXQG�ZLWK�UHVSHFW�WR�D�FKDQJH�LQ�WKH�EDVLF
HYHQW�SUREDELOLW\�

%� �)������)���
ZKHUH

)����LV�WKH�PLQLPDO�FXW�VHW�XSSHU�ERXQG�ZLWK�WKH�HYHQW�SUREDELOLW\�VHW�HTXDO�WR
����
)����LV�WKH�PLQLPDO�FXW�VHW�XSSHU�ERXQG�ZLWK�WKH�HYHQW�SUREDELOLW\�VHW�HTXDO�WR
����

Some useful importance measures relationships:

� 7KH�%LUQEDXP�LPSRUWDQFH�LV�HTXDO�WR�WKH�VXP�RI�WKH�5,,�DQG�55,�LPSRUWDQFHV�

%� �5,,���55,

� )XVVHOO�9HVHO\��)9��LPSRUWDQFH�LV�HTXDO�WR�WKH�SURGXFW�RI�WKH�%LUQEDXP
LPSRUWDQFH�DQG�WKH�HYHQW�SUREDELOLW\��GLYLGHG�E\�WKH�PLQLPDO�FXW�VHW�XSSHU
ERXQG�

)9� ��%��[��5�[�

� 55,�LPSRUWDQFH�LV�HTXDO�WR�WKH�SURGXFW�RI�WKH�%LUQEDXP�LPSRUWDQFH�DQG�WKH
QRPLQDO�EDVLF�HYHQW�SUREDELOLW\��55,�LPSRUWDQFH�LV�VRPHWLPHV�UHIHUUHG�WR�DV�WKH
�LQVSHFWLRQ�LPSRUWDQFH���

55,� �%��[

� 5,,�LPSRUWDQFH�LV�HTXDO�WR�WKH�SURGXFW�RI�WKH�%LUQEDXP�LPSRUWDQFH�DQG�WKH
FRPSOHPHQW�RI�WKH�EDVLF�HYHQW�SUREDELOLW\�

5,,� �%�������[�



10-4

10.3 Importance Menus and Options

� 6HOHFW�)DXOW�7UHH�IURP�WKH�PHQX�EDU�

� +LJKOLJKW�WKH�IDXOW�WUHH��ULJKW�FOLFN�WR�LQYRNH�WKH�SRS�XS�PHQX�

� 6HOHFW�,PSRUWDQFH��WKHQ�RQH�RI�WKH�VXE�PHQX�RSWLRQV���5DWLR�ZDV�VHOHFWHG�LQ�WKH
IROORZLQJ�H[DPSOH�

Viewing Importance Measures

� 7KH�5DWLR�LPSRUWDQFH�PHDVXUHV�DUH�QRZ�GLVSOD\HG�

� 8VH�WKH�5HSRUW�EXWWRQ�RQ�WKLV�GLDORJ�WR�ZULWH�WKH�LPSRUWDQFH�PHDVXUH�WR�D�ILOH�RU�SULQWHU�
�1RWH�WKDW�5DWLR�LPSRUWDQFHV�DUH�GLVSOD\HG��

� $OWHUQDWHO\��WKH�5HSRUW�Þ�)DXOW�7UHH�Þ�,PSRUWDQFH�RSWLRQ�FDQ�EH�XVHG�WR�UHSRUW
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V\VWHP�LPSRUWDQFHV�

Displaying Difference Importances

� 1RZ�VHOHFW�WKH�Þ�'LVSOD\�Þ�,PSRUWDQFH�Þ�'LIIHUHQFH�RSWLRQ��GLIIHUHQFH�LPSRUWDQFHV
DUH�GLVSOD\HG�
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11. REPORTING BASIC EVENT INFORMATION
6HFWLRQ����GHVFULEHV�KRZ�WR�JHQHUDWH�UHSRUWV�RI�EDVLF�HYHQW�GDWD�VWRUHG�LQ�6$3+,5(�

ô ([SODLQ�WKH�YDULRXV�EDVLF�HYHQW�LQIRUPDWLRQ�UHSRUWV�DYDLODEOH�LQ�6$3+,5(�

ô 'LVSOD\�YDULRXV�EDVLF�HYHQW�LQIRUPDWLRQ�UHSRUWV�

11.1 Basic Event Report Information

� 7R�UHSRUW�EDVLF�HYHQW�LQIRUPDWLRQ��VHOHFW�5HSRUW�IURP�WKH�PHQX�EDU�

� 6HOHFW�%DVLF�(YHQWV�DQG�WKHQ�\RX�FDQ�FKRRVH�IURP�VHYHUDO�GLIIHUHQW�UHSRUW�RSWLRQV�
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Basic Events Overview Report

Basic Events Probability Report

Basic Events Uncertainty Values Report
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Event Transformation Reference Report

Event X-Reference Report

6HYHUDO�&URVV�5HIHUHQFH�UHSRUWV�DUH�DYDLODEOH���&KRRVH�IURP�VHTXHQFH��V\VWHP��RU�HQG�VWDWH�FXW
VHW�FURVV�UHIHUHQFH�UHSRUWV��RU�WKH�V\VWHP�ORJLF�FURVV�UHIHUHQFH�UHSRUW�
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Event-System Logic Reference Report
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12. REPORTING SYSTEM RESULTS
6HFWLRQ����GHVFULEHV�KRZ�WR�JHQHUDWH�UHSRUWV�RI�IDXOW�WUHH��V\VWHP��FXW�VHW�UHVXOWV�

ô ([SODLQ�WKH�YDULRXV�IDXOW�WUHH�LQIRUPDWLRQ�UHSRUWV�DYDLODEOH�LQ�6$3+,5(�

ô 'LVSOD\�YDULRXV�IDXOW�WUHH�LQIRUPDWLRQ�UHSRUWV�

12.1 System Report Menus and Examples

� 7R�UHSRUW�IDXOW�WUHH�LQIRUPDWLRQ��VHOHFW�5(32576�IURP�WKH�PDLQ�PHQX�

� 6HOHFW�)DXOW�7UHH�DQG�WKHQ�\RX�FDQ�FKRRVH�IURP�VHYHUDO�GLIIHUHQW�UHSRUW�RSWLRQV�
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12.1.1 System Summary Reports

System Brief Summary Report

System Combination Report
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System Uncertainty Values Report

12.1.2 System Logic Reports
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Logic Report (transfers not expanded)

Expanded Logic Report (transfers expanded)
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12.1.3 System Cut Set Reports

System Cut Set Report Example
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System Quantified Cut Set Report

12.1.4 System Importance Reports
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System Importance Sort

System FV Importance Report



12-8

12.1.5 System X-Reference Reports

System - Sequence X-Reference Report
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13. SYSTEM SENSITIVITY ANALYSIS
6HFWLRQ����GHVFULEHV�KRZ�WR�SHUIRUP�IDXOW�WUHH��V\VWHP��VHQVLWLYLW\�VWXGLHV�LQFOXGLQJ�EDVLF�HYHQW
GDWD�PRGLILFDWLRQV�DQG�IDXOW�WUHH�ORJLF�FKDQJHV���7KH�XVH�RI�&KDQJH�6HWV�WR�PDNH�EDVLF�HYHQW
GDWD�PRGLILFDWLRQV�LV�GHVFULEHG�

ô 'LVFXVV�WKH�VWHSV�LQYROYHG�LQ�SHUIRUPLQJ�IDXOW�WUHH�VHQVLWLYLW\�DQDO\VLV�

ô /LVW�WKH�YDULRXV�ZD\V�WR�PRGLI\�IDXOW�WUHH�ORJLF�

ô /LVW�WKH�WZR�ZD\V�GDWD�FKDQJHV�FDQ�EH�PDGH�WR�WKH�GDWDEDVH�

ô 'HVFULEH�WKH�WZR�GLIIHUHQW�W\SHV�RI�FKDQJH�VHWV�

ô ([SODLQ�WKH�WKUHH�GLIIHUHQW�V\VWHP�DQDO\VLV�RSWLRQV�DQG�ZKHQ�HDFK�RSWLRQ�VKRXOG�EH
XVHG�

13.1 Overview of Steps Involved in Performing a Fault Tree
Sensitivity Analysis

¶ ,I�IDXOW�WUHH�ORJLF�FKDQJHV�DUH�WR�EH�PDGH��H�J���DGGLQJ�D�EDVLF�HYHQW��UHPRYLQJ�D�EDVLF
HYHQW��RU�FKDQJLQJ�DQ�25�JDWH�WR�DQ�$1'�JDWH���PDNH�WKH�FKDQJHV�XVLQJ�WKH�JUDSKLFDO
IDXOW�WUHH�HGLWRU�

· ,I�GDWD�FKDQJHV�DUH�WR�EH�PDGH��HQWHU�GDWD�PRGLILFDWLRQV�E\�HLWKHU��

C &KDQJLQJ�WKH�GDWD��SHUPDQHQWO\��LQ�WKH�0RGLI\�Þ�%DVLF�(YHQWV�RSWLRQ
C &KDQJLQJ�WKH�GDWD��WHPSRUDULO\��XVLQJ�&KDQJH�6HWV

7KHQ��XVH�WKH�*HQHUDWH�RSWLRQ�WR��SURFHVV��WKH�EDVLF�HYHQW�FKDQJHV�VR�WKDW�WKH\�ZLOO�EH
XVHG�IRU�VXEVHTXHQWO\�SHUIRUPHG�6$3+,5(�RSHUDWLRQV�VXFK�DV�TXDQWLI\LQJ�FXW�VHWV�
GLVSOD\LQJ�FXW�VHWV��DQG�JHQHUDWLQJ�UHSRUWV�

¸ 8SGDWH�WKH�IDXOW�WUHH�FXW�VHWV�LQ�WKH�)DXOW�7UHH�Þ�)DXOW�7UHHV�/LVW�GLDORJ�XVLQJ�WKH
DSSURSULDWH�SRS�XS�PHQX�RSWLRQ���6ROYH��&XW�6HWV�Þ�8SGDWH��RU�4XDQWLI\�
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13.2 Modifying Fault Tree Logic

ô 7KH�IDXOW�WUHH�ORJLF�FDQ�EH�FKDQJHG�E\�XVLQJ�WKH�JUDSKLFDO�HGLWRU�LQ�WKH�)DXOW�7UHH�Þ
(GLW�*UDSKLFV���6HH�6HFWLRQ���IRU�GHWDLOHG�LQVWUXFWLRQV�

ô $OWHUQDWH�ZD\V�RI�PRGLI\LQJ�IDXOW�WUHH�ORJLF�LQFOXGH�

� 8VLQJ�WKH�)DXOW�7UHH�Þ�(GLW�/RJLF

� 5HSODFLQJ�V\VWHP�ORJLF�ZLWK�0$5�'��)7/�ILOHV

13.3 Making a "Permanent" Data Change in MODIFY Data Base

� 7R�HQWHU�EDVLF�HYHQW�GDWD��VHOHFW�0RGLI\�IURP�WKH�PHQX�EDU���7KHQ�VHOHFW�%DVLF�(YHQWV�

� 7R�PRGLI\�GDWD�IRU�DQ�H[LVWLQJ�HYHQW��KLJKOLJKW�WKH�HYHQW�\RX�ZDQW�WR�HGLW��ULJKW�
FOLFN�WR�LQYRNH�WKH�SRS�XS�PHQX��DQG�VHOHFW�WKH�0RGLI\�RSWLRQ�

� 7KH�*HQHUDWH�RSWLRQ�IURP�WKH�PDLQ�PHQX�EDU�PXVW�EH�XVHG�EHIRUH�WKH�GDWD�LV
DYDLODEOH�IRU�6$3+,5(�RSHUDWLRQV�

13.4 Making a "Temporary" Data Change by Using Change Sets

� 6HOHFW�*HQHUDWH�IURP�WKH�PHQX�EDU�

� 7R�FUHDWH�D�&KDQJH�6HW��ULJKW�FOLFN�WR�LQYRNH�WKH�SRS�XS�PHQX��VHOHFW�$GG��DQG�HQWHU�WKH
&KDQJH�6HW�QDPH�DQG�GHVFULSWLRQ�

� $V�VKRZQ�LQ�WKH�ILJXUH��WZR�&KDQJH�6HWV��QDPHG�)$8/7�75((���DQG�)$8/7�75((���
ZHUH�FUHDWHG�LQ�WKLV�H[DPSOH�
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� 7R�PDNH�D�GDWD�FKDQJH�LQ�WKH�&KDQJH�6HW�QDPHG�)$8/7�75((����KLJKOLJKW�WKH�&KDQJH
6HW��FKRRVH�WKH�6LQJOH�EXWWRQ�

� 7R�FUHDWH�D�&ODVV�&KDQJH�IRU�WKH�)$8/7�75((���&KDQJH�6HW��KLJKOLJKW�WKH�&KDQJH
6HW��FKRRVH�WKH�&ODVV�EXWWRQ�

The Change Set Select Event Dialog
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� 5LJKW�FOLFN�WR�LQYRNH�WKH�SRS�XS�PHQX�DQG�VHOHFW�WKH�$GG�RSWLRQ���'RXEOH�FOLFN�RQ�WKH
HYHQW�WR�EH�PRGLILHG���,Q�WKLV�H[DPSOH��HYHQW�&�&9�$�ZDV�HGLWHG�

The Change Set Data Entry Dialog

� 7KH�(YHQW�3UREDELOLW\�&KDQJHV�GLDORJ�DOORZV�\RX�WR�HQWHU�FKDQJHV�RQ�WKH�ULJKW�VLGH�RI
WKH�GLDORJ�

� ,Q�WKLV�H[DPSOH��WKH�SUREDELOLW\�ILHOG�ZDV�FKDQJHG�IURP����(���WR����(���
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The Class Change Dialog

� (QWHU�WKH�DWWULEXWHV�WKDW�GHILQH�WKH�HYHQWV�WR�EH�FKDQJHG���,Q�WKLV�H[DPSOH��7\SH�ZDV
VSHFLILHG�DV�&9�

� (QWHU�WKH�QHZ�GDWD���,Q�WKLV�H[DPSOH��WKH�SUREDELOLW\�ZDV�FKDQJHG�WR����(���

� 2QH�FODVV�FKDQJH�LV�DOORZHG�IRU�HDFK�&KDQJH�6HW�
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Generating Changes for One Change Set

� 7R�LQYRNH�RQO\�WKH�)$8/7�75((���&KDQJH�6HW��GRXEOH�FOLFN�RQ�WKH�&KDQJH�6HW�

� 7KH�QXPEHU���ZLOO�DSSHDU�LQ�WKH���FROXPQ�

� &KRRVH�WKH�*HQHUDWH�EXWWRQ�DQG�SURFHHG�DV�GLUHFWHG�

� 7R�UHSRUW�WKH�FKDQJHV��FKRRVH�WKH�5HSRUW�EXWWRQ��WKHQ�VHOHFW�WKH�$IIHFWHG�(YHQWV�UDGLR
EXWWRQ�

Report Changes
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Generating Changes for Two Change Sets

� :KHQ�LQYRNLQJ�PRUH�WKDQ�RQH�&KDQJH�6HW��WKH�RUGHU�WKDW�WKH\�DUH�VHOHFWHG�GLFWDWHV
ZKLFK�FKDQJHV�KDYH�SUHFHGHQFH�

� ,Q�WKLV�H[DPSOH��WKH�)$8/7�75((���&KDQJH�6HW�ZDV�PDUNHG��DQG�WKHQ�WKH�)$8/7�
75((���&KDQJH�6HW�ZDV�PDUNHG�

� 1RWH�WKH�QXPEHULQJ�LQ�WKH���FROXPQ���7KLV�ZLOO�FDXVH�WKH�)$8/7�75((���FKDQJHV�WR
RYHUULGH�WKH�)$8/7�75((���FKDQJHV�ZKHUH�WKH�VDPH�EDVLF�HYHQW�LV�DIIHFWHG�E\�ERWK
&KDQJH�6HWV�

� &KRRVH�WKH�*HQHUDWH�EXWWRQ�DQG�FRQWLQXH�DV�GLUHFWHG�

� 7R�UHSRUW�WKH�FKDQJHV��FKRRVH�WKH�5HSRUW�EXWWRQ��WKHQ�VHOHFW�WKH�$IIHFWHG�(YHQWV�UDGLR
EXWWRQ�
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Generating Changes - Compare Reports

,Q�WKH�H[DPSOH�DERYH��WKH�)$8/7�75((���KDG�EHHQ�VHOHFWHG�ILUVW��DQG�WKHQ�)$8/7�75((���

,I�WKH�)$8/7�75((���KDG�EHHQ�VHOHFWHG�ILUVW��DQG�WKHQ�)$8/7�75((����WKH�UHVXOWLQJ�DIIHFWHG
EDVLF�HYHQWV�ZRXOG�EH�DV�VKRZQ�DERYH�
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13.5 Analyzing System Cut Sets

� 6HOHFW�)DXOW�7UHH�IURP�WKH�PHQX�EDU�

� 0DUN�WKH�IDXOW�WUHHV�XVLQJ�WKH�PDVN�IXQFWLRQ��RU�LQGLYLGXDOO\�XVLQJ�WKH�PRXVH�

� 5LJKW�FOLFN�WR�LQYRNH�WKH�SRS�XS�PHQX�

� 6HOHFW�WKH�DSSURSULDWH�RSWLRQ�IURP�WKH�SRS�XS�PHQX�
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Analysis Options

7\SH�RI�0RGHO�RU�'DWD�0RGLILFDWLRQ $QDO\VLV�2SWLRQ

*HQHUDWH�&XW
6HWV

&XW�6HW
8SGDWH

4XDQWLILFDWLRQ

)DXOW�WUHH�HYHQW�WUHH�ORJLF�FKDQJHV T

'DWD�FKDQJHV���DOO�SUREDELOLWLHV
GHFUHDVHG

@T T

'DWD�FKDQJHV���DQ\�SUREDELOLWLHV
LQFUHDVHG

T

'DWD�FKDQJHV�LQYROYH�KRXVH�HYHQW
VHWWLQJV

T

&XW�VHW�WUXQFDWLRQ�OLPLW�LQFUHDVHG��L�H��
IURP����(���WR����(���

@T T

&XW�VHW�WUXQFDWLRQ�OLPLW�GHFUHDVHG��L�H��
IURP����(���WR����(����

T

)ROORZLQJ�XVH�RI�WKH�FXW�VHW�HGLWRU���H�J��
WR�DGG�UHFRYHU\�HYHQWV�

T

1R�IDXOW�WUHH�VHTXHQFH�ORJLF�LQ�PRGHO��LQ
FDVHV�ZKHUH�FXW�VHWV�ZKHUH�ORDGHG�YLD
0DU�'��ZLWKRXW�IDXOW�WUHH�HYHQW�WUHH
VHTXHQFH�ORJLF�

T

�KRXVH�HYHQW
FKDQJHV�RU
FXW�VHWV
HGLWHG�

T

�SUREDELOLW\
FKDQJHV�
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14. LINKING EVENT TREE SEQUENCES
6HFWLRQ����GHVFULEHV�6$3+,5(�HYHQW�WUHH�OLQNLQJ�DQG�SURFHVV�UHTXLUHG�WR�OLQN�HYHQW�WUHH
VHTXHQFHV�

ô 'HILQH�³OLQNLQJ´�HYHQW�WUHHV�

ô ([SODLQ�WKH�OLQN�HYHQW�WUHH�SURFHVV�DYDLODEOH�LQ�6$3+,5(�

ô 3HUIRUP�WKH�OLQN�HYHQW�WUHH�SURFHVV�

ô 3URYLGH�D�GHVFULSWLRQ�IRU�HDFK�RI�WKH�VHTXHQFH�JHQHUDWLRQ�KHDGHUV�

ô 'LVSOD\�WKH�ORJLF�IRU�DQ�HYHQW�WUHH�

14.1 Linking Event Trees

�/LQNLQJ��HYHQW�WUHHV�LV�WKH�SURFHVV�RI��JHQHUDWLQJ�RI�VHTXHQFH�ORJLF�XVLQJ�WKH�HYHQW�WUHH
JUDSKLFDO�ILOHV�

14.2 Menus and Options for Linking Event Tree Sequences

� 6HOHFW�(YHQW�7UHH�IURP�WKH�PHQX�EDU�



14-2

� 7KH�HYHQW�WUHHV�DUH�QRZ�GLVSOD\HG�

� 0DUN�WKH�HYHQW�WUHHV�XVLQJ�WKH�PDVN�IHDWXUH��RU�LQGLYLGXDOO\��XVLQJ�WKH�PRXVH�

� 5LJKW�FOLFN�WR�LQYRNH�WKH�SRS�XS�PHQX�DQG�VHOHFW�WKH�/LQN�7UHHV�RSWLRQ�

14.3 Reporting Event Tree Sequence Logic

ô <RX�FDQ�YLHZ�WKH�HYHQW�WUHH�VHTXHQFH�ORJLF�LQ�VHYHUDO�ZD\V�

� %\�VHOHFWLQJ�RQH�RI�WKH�5HSRUW�2SWLRQV�UDGLR�EXWWRQV�RQ�WKH�*HQHUDWH�2SWLRQV
GLDORJ��\RX�FDQ�VHQG�WKH�ORJLF�WR�WKH�VFUHHQ�RU�SULQWHU��RU�\RX�FDQ�H[LW�6$3+,5(
DQG�XVH�D�WH[W�HGLWRU�WR�YLHZ�WKH�ILOH��H�J���/263�7;7��

� 6HOHFW�5HSRUW�IURP�WKH�PHQX�EDU��WKHQ�VHOHFW�WKH�6HTXHQFH�Þ�/RJLF�UDGLR
EXWWRQV�WR�SUHYLHZ��SULQW�RU�FUHDWH�D�ILOH�FRQWDLQLQJ�D�UHSRUW�RI�WKH�VHTXHQFH
ORJLF�

ô 7KH�DXWRPDWLF�VHTXHQFH�QDPLQJ�ZLOO�DGG�D�����WR�WKH�VHTXHQFH�LGHQWLILHU�HDFK�WLPH�DQ
HYHQW�WUHH�WUDQVIHU�LV�HQFRXQWHUHG�
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Sequence Generation Information

� (QWHU�WKH�GHVLUHG�SDUDPHWHUV�RQ�WKH�GLDORJ�DQG�FKRRVH�WKH�2.�EXWWRQ�WR�OLQN�HYHQW�WUHH
VHTXHQFHV�

Send Report to File

7KLV�UDGLR�EXWWRQ�LV�VHOHFWHG�E\�GHIDXOW���$�GHIDXOW�UHSRUW�QDPH�LV�SURYLGHG�WKDW�ZLOO�EH�FUHDWHG�LQ
WKH�IDPLO\�VXEGLUHFWRU\���2SWLRQDOO\��D�GLIIHUHQW�ILOHQDPH�PD\�EH�LQSXW�

Send Report to Screen

%\�VHOHFWLQJ�WKLV�UDGLR�EXWWRQ���&21��LV�DXWRPDWLFDOO\�SODFHG�LQ�WKH�)LOH�1DPH�ILHOG�DQG�WKH�UHSRUW
LV�GLVSOD\HG�LQ�WKH�5HSRUW�9LHZHU�

Send Report to Printer

%\�VHOHFWLQJ�WKLV�UDGLR�EXWWRQ���351��LV�DXWRPDWLFDOO\�SODFHG�LQ�WKH�)LOH�1DPH�ILHOG�DQG�WKH�UHSRUW
LV�SULQWHG�RQ�\RXU�:LQGRZV�GHIDXOW�SULQWHU�
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Do Not Create a Report

%\�VHOHFWLQJ�WKLV�UDGLR�EXWWRQ��WKH�)LOH�1DPH�ILHOG�LV�EODQN�DQG�D�UHSRUW�LV�QRW�JHQHUDWHG�

Number of Levels to Process

$�OHYHO�LV�D�WUDQVIHU�WR�DQRWKHU�HYHQW�WUHH��VXEWUHH����7KH�GHIDXOW������ZLOO�JHQHUDWH�VHTXHQFHV�IRU
DOO�VXEWUHHV���,I�WKH�OHYHO�LV�VSHFLILHG�DV�OHVV�WKDQ�����RQO\�WKDW�QXPEHU�RI�VXEWUHHV�ZLOO�EH
SURFHVVHG�

7KH�QH[W�WKUHH�RSWLRQV�DUH�XVHG�IRU�WKH�ODUJH�HYHQW�WUHH�PHWKRGRORJ\�

Use Probability Cut Off

%\�GHIDXOW�WKH�ER[�LV�XQFKHFNHG���,I�WKH�WRSV�DUH�LQGHSHQGHQW�DQG�DUH�WUHDWHG�DV�SUREDELOLW\
YDOXHV��L�H���QRW�IDXOW�WUHH�ORJLF���WKHQ�WKH�HYHQW�WUHH�VHTXHQFH�ORJLF�FDQ�EH�WUXQFDWHG�RQ
SUREDELOLW\���(DFK�WRS�LV�WUHDWHG�DV�D�EDVLF�HYHQW�ZLWK�LWV�SUREDELOLW\�DVVXPHG�WR�EH�WKH�YDOXH�RI�LWV
VSOLW�IUDFWLRQ�

Probability Cutoff Value

(QWHU�WKH�WUXQFDWLRQ�YDOXH�LI�\RX�FKHFNHG�WKH�8VH�3UREDELOLW\�&XWRII�FKHFN�ER[�

Generate Cut Sets

,I�\RX�FKHFN�WKH�ER[��D�VHTXHQFH��FXW�VHW��ZLOO�EH�JHQHUDWHG�ZKHQ�WKH�VHTXHQFH�ORJLF�LV
JHQHUDWHG���(DFK�WRS��ZKHWKHU�IDLOHG�RU�VXFFHVVIXO��LV�WUHDWHG�DV�D�EDVLF�HYHQW�DQG�SODFHG�LQ�WKH
FXW�VHW�IRU�WKH�JHQHUDWHG�VHTXHQFH���&RQVHTXHQWO\��HDFK�VHTXHQFH�ZLOO�HQG�XS�ZLWK�D�VLQJOH��FXW
VHW��UHSUHVHQWLQJ�WKH�SUREDELOLW\�IRU�HDFK�WRS�HYHQW�

Mutually Exclusive Top Name

0D\�EH�OHIW�EODQN���7KLV�DOORZV�\RX�WR�VSHFLI\�D�WRS�HYHQW��DVVRFLDWHG�ZLWK�D�IDXOW�WUHH��WKDW�ZLOO�EH
DGGHG�WR�HDFK�VHTXHQFH�DV�D�VXFFHVV�HYHQW���7KH�WRS�ZLOO�DSSHDU�LQ�WKH�ORJLF�DV�D
FRPSOHPHQWHG�V\VWHP�DQG�ZLOO�EH�WUHDWHG�DFFRUGLQJO\�ZKHQ�WKH�VHTXHQFH�LV�VROYHG���7KH
SXUSRVH�LV�WR�SURYLGH�D�PHWKRG�RI�UHPRYLQJ�LOOHJDO�FRPELQDWLRQV�RI�HYHQWV�
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15. GENERATING EVENT TREE CUT SETS
6HFWLRQ����GHVFULEHV�KRZ�WR�JHQHUDWH�HYHQW�WUHH�FXW�VHWV���0RGHO�SUHSDUDWLRQ�SULRU�WR�JHQHUDWLQJ
FXW�VHWV�LV�GLVFXVVHG��DQG�WKH�YDULRXV�DQDO\VLV�DQG�WUXQFDWLRQ�RSWLRQV�DUH�GHVFULEHG���&XW�VHW
GLVSOD\�IHDWXUHV�DUH�DOVR�SUHVHQWHG�

ô ,QGLFDWH�VHYHUDO�SUHUHTXLVLWHV�IRU�JHQHUDWLQJ�HYHQW�WUHH�FXW�VHWV�

ô *HQHUDWH�HYHQW�WUHH�FXW�VHWV�

ô 9LHZ�JHQHUDWHG�HYHQW�WUHH�FXW�VHW�UHVXOWV�

15.1 Prerequisites for Generating Event Tree Cut Sets

¶ (YHQW�WUHH�ORJLF�ZDV�FUHDWHG�E\�XVLQJ�WKH�HYHQW�WUHH�JUDSKLFDO�HGLWRU�

· (YHQW�WUHH�ORJLF�ZDV��OLQNHG��XVLQJ�(YHQW�7UHH�Þ�/LQN�7UHHV�

¸ %DVLF�HYHQW�GDWD�ZDV�DGGHG�WKURXJK�WKH�0RGLI\�Þ�%DVLF�(YHQWV�RSWLRQ�

¹ %DVLF�HYHQW�GDWD�ZDV�SUHSDUHG�IRU�PRGHO�SURFHVVLQJ�E\�XVLQJ�WKH�*HQHUDWH�RSWLRQ�

1RWH���6\VWHP�FXW�VHWV�GR�QRW�QHHG�WR�EH�JHQHUDWHG�SULRU�WR�JHQHUDWLQJ�VHTXHQFH�FXW�VHWV�
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15.2 Menus and Options for Event Tree Cut Set Generation

� 6HOHFW�6HTXHQFH�IURP�WKH�PHQX�EDU�

� 0DUN�WKH�VHTXHQFHV�XVLQJ�WKH�PDVN�IHDWXUH��RU�PDUN�VHTXHQFHV�LQGLYLGXDOO\�XVLQJ�WKH
PRXVH�

� 5LJKW�FOLFN�WR�LQYRNH�WKH�SRS�XS�PHQX�DQG�VHOHFW�WKH�6ROYH�RSWLRQ�

E���IODJV�VHTXHQFHV�ZLWK�H[LVWLQJ�EDVH�FDVH�FXW�VHWV
D���IODJV�VHTXHQFHV�ZLWK�H[LVWLQJ�FXUUHQW�FDVH�FXW�VHWV

Analysis Type

6HOHFW�WKH�5$1'20�DQDO\VLV�W\SH�IRU�PDWHULDO�FRYHUHG�LQ�WKLV�FODVV���7KH�RWKHU�DQDO\VLV�W\SHV
DUH�SURYLGHG�IRU�SHUIRUPLQJ�ILUH��IORRG��VHLVPLF��DQG�RWKHU�KD]DUG�DQDO\VHV�

Solve

7KLV�RSWLRQ�XVHV�WKH�HYHQW�WUHH�ORJLF�DQG�IDXOW�WUHHV�DVVRFLDWHG�ZLWK�HYHQW�WUHH�WRS�HYHQWV����7KH
VHTXHQFH�IUHTXHQF\�LV�TXDQWLILHG�XVLQJ�WKH�PLQLPDO�FXW�VHW�XSSHU�ERXQG�DSSUR[LPDWLRQ�
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Cut Set Generation Cutoff Values

� (QWHU�WKH�GHVLUHG�WUXQFDWLRQ�SDUDPHWHUV�RQ�WKH�GLDORJ��DQG�FKRRVH�WKH�2.�EXWWRQ�WR
EHJLQ�JHQHUDWLQJ�FXW�VHWV�

< &XWRII�E\�&XW�6HW�3UREDELOLW\�±�,I�\RX�FKHFN�WKLV�ER[��WKHQ�WKRVH�FXW�VHWV�EHORZ�WKH�YDOXH�LQ
WKH���&XWRII�9DOXH�ILHOG�ZLOO�QRW�EH�UHWDLQHG�

< &XWRII�E\�(YHQW�3UREDELOLW\�±�,I�\RX�LI�\RX�FKHFN�WKLV�ER[��WKHQ�\RX�PXVW�DOVR�FKHFN�WKH
&XWRII�E\�&XW�6HW�3UREDELOLW\�ER[���7KLV�RSWLRQ�ZLOO�UHWDLQ�FXW�VHWV�FRPSULVHG�RI�EDVLF�HYHQWV
WKDW�DUH�DERYH�WKH�0LQ���&XWRII�9DOXH�HYHQ�LI�WKH�FXW�VHW�LV�EHORZ�WKH�&XW�6HW�3UREDELOLW\
&XWRII�9DOXH�

< &XW�6HW�6L]H�7UXQFDWLRQ�±�,I�\RX�FKHFN�WKLV�ER[��WKHQ�FXW�VHWV�KDYLQJ�PRUH�HYHQWV�WKDQ
VSHFLILHG�LQ�WKH�!�&XWRII�9DOXH�ILHOG�ZLOO�QRW�EH�UHWDLQHG���,I�\RX�FKHFN�WKH�=RQH�ER[��WKHQ�FXW
VHWV�KDYLQJ�PRUH�=RQH�)ODJJHG�(YHQWV�WKDQ�VSHFLILHG�LQ�WKH�!�&XWRII�9DOXH�ILHOG�ZLOO�QRW�EH
UHWDLQHG���,I�\RX�OHDYH�ERWK�ER[HV�XQFKHFNHG��WKHQ�WKH�QXPEHU�RI�HYHQWV�LQ�D�FXW�VHW�ZLOO�EH
QRW�DIIHFW�ZKHWKHU�WKH�FXW�VHW�LV�UHWDLQHG�RU�GLVFDUGHG�

< 6ROYH�6HTXHQFH�ZLWK�)DXOW�7UHHV�±,I�\RX�FKHFN�WKLV�ER[��WKHQ�IDXOW�WUHH�ORJLF�ZLOO�EH�XVHG�
,I�WKH�ER[�LV�XQFKHFNHG��SUHYLRXVO\�JHQHUDWHG�IDXOW�WUHH�FXW�VHWV�ZLOO�EH�XVHG�

< )ODJ�6HW�1DPH�±�$�)ODJ�6HW�FRQWDLQLQJ�+RXVH�HYHQW�VHWWLQJV�PD\�EH�VSHFLILHG�LQ�WKLV�ILHOG�
,I�EODQN��WKH�)ODJ�6HW�VSHFLILHG�LQ�0RGLI\ Þ�(YHQW�7UHHV�Þ�6HTXHQFHV�Þ�)ODJV�1DPH
ZLOO�EH�XVHG�LI�D�)ODJ�6HW�ZDV�VSHFLILHG�

< $XWR�$SSO\�5HFRYHU\�5XOHV�±�,I�\RX�FKHFN�ER[��DQ\�UHFRYHU\�UXOHV�DVVRFLDWHG�ZLWK�WKH
VHTXHQFH�V��PDUNHG�ZLOO�DXWRPDWLFDOO\�EH�DSSOLHG�DIWHU�WKH�VHTXHQFH�V��FXW�VHWV�KDYH�EHHQ
JHQHUDWHG�
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Quantify

 7KLV�VXE�PHQX�SURYLGHV�RSWLRQV�IRU�UHTXDQWLI\LQJ�WKH
VHTXHQFH�IUHTXHQFLHV�IRU�H[LVWLQJ�FXUUHQW�FDVH�FXW
VHWV���7KHVH�RSWLRQV�DUH�GHVLJQHG�WR�TXLFNO\
UHTXDQWLI\�WKH�FXW�VHWV�ZKHQ�GDWD�FKDQJHV�KDYH�EHHQ
PDGH����1RWH��LI�GDWD�FKDQJHV�LQFUHDVH�WKH�IDLOXUH
SUREDELOLW\�RI�DQ�HYHQW��WKH�6ROYH�RSWLRQ�VKRXOG�EH
XVHG�LQVWHDG��

Split Fraction

3URYLGHV�D�PLQLPDO�FXW�VHW�XSSHU�ERXQG�HVWLPDWLRQ�XVLQJ�WKH�SUHYLRXVO\�FDOFXODWHG�V\VWHP�UHVXOWV
IRU�WKH�IDLOHG�RU�VXFFHVVIXO�V\VWHPV�LQ�WKH�VHTXHQFH���7KLV�RSWLRQ�GRHV�QRW�JHQHUDWH�FXW�VHWV��DQG
LV�RQO\�DSSURSULDWH�IRU�HYHQW�WUHHV�ZLWK�LQGHSHQGHQW�WRS�HYHQWV�ZKHUH�WKH�WRS�HYHQWV�DUH�WUHDWHG
DV�SUREDELOLWLHV��QRW�IDXOW�WUHHV�

Min Max Quantification

7KH�0LQ�0D[�TXDQWLILFDWLRQ�RSWLRQ�TXDQWLILHV�WKH�FXUUHQW�FDVH�FXW�VHWV�XVLQJ�WKH�H[DFW�SUREDELOLW\
TXDQWLILFDWLRQ�DOJRULWKP�

VHH�6HFWLRQ����6\VWHP�&XW�6HW�*HQHUDWLRQ

Uncertainty

3HUIRUPV�0RQWH�&DUOR�RU�/DWLQ�+\SHUFXEH�XQFHUWDLQW\�DQDO\VLV�IRU�WKH�VHOHFWHG�VHTXHQFH
LQGLYLGXDOO\�RU�FRPELQHG���6HTXHQFH�XQFHUWDLQW\�DQDO\VLV�LV�GLVFXVVHG�IXUWKHU�LQ�6HFWLRQ����

Cut Sets

7KLV�VXE�PHQX�SURYLGHV�RSWLRQV�IRU�FXW�VHW�PDQLSXODWLRQ�
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Cut Set Update

7KLV�RSWLRQ�XVHV�WKH�H[LVWLQJ�FXUUHQW�FDVH�FXW�VHWV��XQOHVV�WKH�XVHU�VSHFLILHV�WKDW�EDVH�FDVH�FXW
VHWV�DUH�WR�EH�XVHG�LQVWHDG����1RQ�PLQLPDO�FXW�VHWV�DUH�HOLPLQDWHG�DQG�WKH�VHTXHQFH�IUHTXHQF\�LV
TXDQWLILHG�XVLQJ�WKH�PLQLPDO�FXW�VHW�XSSHU�ERXQG�DSSUR[LPDWLRQ�

Prune Cut Sets

7KLV�LV�RQH�RI�WKH�RSWLRQV�WKDW�DOORZV�\RX�WR�HOLPLQDWH�FXW�VHWV�IURP�D�VHOHFWHG�VHTXHQFH�WKDW
FRQWDLQV�HYHQWV�ZKLFK�FRQIOLFW�LQ�VRPH�ZD\�ZLWK�RQH�DQRWKHU���7KLV�RSWLRQ�KDV�EHHQ�VXSHUFHGHG
E\�WKH��&XW�6HW��5HFRYHU��RSWLRQ�

Displaying Event Tree Cut Set Results

� 7R�GLVSOD\�VHTXHQFH�FXW�VHWV��VHOHFW�6HTXHQFH�IURP�WKH�PHQX�EDU�

� +LJKOLJKW�WKH�VHTXHQFH�WKDW�\RX�ZDQW�WR�YLHZ�

� 5LJKW�FOLFN�WR�LQYRNH�WKH�SRS�XS�PHQX�DQG�VHOHFW�WKH�'LVSOD\�Þ�&XW�6HWV�RSWLRQ�
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Viewing Sequence Cut Sets

� 7KH�VHTXHQFH�FXW�VHWV�DQG�PLQLPDO�FXW�VHW�XSSHU�ERXQG�DSSUR[LPDWLRQ�RI�WKH�VHTXHQFH
IUHTXHQF\�DUH�QRZ�GLVSOD\HG�

� 7R�YLHZ�WKH�HYHQWV�LQ�D�FXW�VHW��KLJKOLJKW�WKH�FXW�VHW��FKRRVH�WKH�9LHZ�&XW�6HW�EXWWRQ�

� 7R�ILQG�RXW�ZKHUH�WKH�HYHQWV�LQ�WKH�FXW�VHW�FDPH�IURP��ULJKW�FOLFN�RQ�D�FXW�VHW�DQG�VHOHFW�WKH�3DWK�6HDUFK
option.
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Viewing Basic Event Information for an Individual Cut Set
� 7KH�EDVLF�HYHQWV��WKHLU�IDLOXUH�SUREDELOLWLHV�DQG�GHVFULSWLRQV�DUH�QRZ�GLVSOD\HG�

� 7R�YLHZ�LQGLYLGXDO�EDVLF�HYHQW�LQIRUPDWLRQ��KLJKOLJKW�WKH�HYHQW�DQG�FKRRVH�WKH�9LHZ
(YHQW�EXWWRQ�

� 7R�UHWXUQ�WR�WKH�OLVW�RI�FXW�VHWV��FKRRVH�WKH�([LW�EXWWRQ�

15.3 Advanced Features

,Q�FRPSOH[�35$�PRGHOV��LW�PD\�EH�QHFHVVDU\�WR�XVH�VSHFLDO�IHDWXUHV�SULRU�WR�FXW�VHW�JHQHUDWLRQ
DQG�RU�DIWHU�FXW�VHW�JHQHUDWLRQ�
3ULRU�WR�HYHQW�WUHH�VHTXHQFH�FXW�VHW�JHQHUDWLRQ�

� )ODJ�6HWV�PD\�EH�XVHG�WR�VHW�+RXVH�HYHQWV�RU�3URFHVV�)ODJV�RQ�D�VHTXHQFH�
E\�VHTXHQFH�EDVLV�

$IWHU�HYHQW�WUHH�VHTXHQFH�FXW�VHW�JHQHUDWLRQ�
� 5HFRYHU�&XW�6HWV�FDQ�EH�XVHG�DV�D�UXOH�EDVHG�DXWRPDWHG�ZD\�WR�DGG

�UHFRYHU\�HYHQWV��WR�WKH�FXW�VHWV�
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16. SEQUENCE UNCERTAINTY ANALYSIS
6HFWLRQ����GHVFULEHV�XQFHUWDLQW\�DQDO\VLV�IRU�HYHQW�WUHH�VHTXHQFHV���7KH�FRQFHSW�RI�SHUIRUPLQJ
XQFHUWDLQW\�DQDO\VLV�YLD�0RQWH�&DUOR�RU�/DWLQ�+\SHUFXEH�VDPSOLQJ�LV�GLVFXVVHG�

ô ([SODLQ�WKH�WZR�W\SHV�RI�XQFHUWDLQW\�DQDO\VLV�WHFKQLTXHV�DYDLODEOH�LQ�6$3+,5(�

ô /LVW�WKH�GLIIHUHQW�XQFHUWDLQW\�GLVWULEXWLRQV�VXSSRUWHG�E\�6$3+,5(�

ô 3HUIRUP�VHTXHQFH�XQFHUWDLQW\�DQDO\VLV�

ô 'LVSOD\�VHTXHQFH�XQFHUWDLQW\�DQDO\VLV�UHVXOWV�

16.1 Sequence Uncertainty Analysis

ô 8QFHUWDLQW\�DQDO\VLV�FDOFXODWHV�WKH�YDULDELOLW\�RI�WKH�VHTXHQFH�IUHTXHQF\�UHVXOWLQJ�IURP
XQFHUWDLQWLHV�LQ�WKH�EDVLF�HYHQW�SUREDELOLWLHV�DQG�WKH�LQLWLDWLQJ�HYHQW�IUHTXHQF\�

ô 6$3+,5(�SURYLGHV�WZR�XQFHUWDLQW\�DQDO\VLV�WHFKQLTXHV�

� 6LPSOH�0RQWH�&DUOR�VDPSOLQJ

� /DWLQ�+\SHUFXEH�VDPSOLQJ

16.2 Menus and Options for Performing Sequence Uncertainty
Analysis

� 6HOHFW�6HTXHQFH�IURP�WKH�PHQX�EDU�

� 0DUN�WKH�VHTXHQFH�V���ULJKW�FOLFN�WR�LQYRNH�WKH�SRS�XS�PHQX�

� 6HOHFW�WKH�8QFHUWDLQW\�RSWLRQ���7KH�VHTXHQFH�XQFHUWDLQW\�PD\�EH�FDOFXODWHG�IRU�HDFK
VHTXHQFH�LQGLYLGXDOO\�RU�DV�D�JURXS�
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Uncertainty Calculation Values

� (QWHU�WKH�XQFHUWDLQW\�FDOFXODWLRQ�YDOXHV�RQ�WKH�GLDORJ�

� 8QFHUWDLQW\�UHVXOWV�ZLOO�EH�GLVSOD\HG�EULHIO\�RQ�WKH�GLDORJ�IROORZLQJ�WKH�XQFHUWDLQW\
FDOFXODWLRQ�

Uncertainty Type

6SHFLI\�ZKHWKHU�WKH�PDUNHG�VHTXHQFHV�DUH�WR�EH�FDOFXODWHG�LQGLYLGXDOO\��DV�D�JURXS��RU�IRU�WKH
IDPLO\��LI�DOO�VHTXHQFHV�DUH�PDUNHG��

Uncertainty Method

6SHFLI\�0RQWH�&DUOR�RU�/DWLQ�+\SHUFXEH�

Number of Samples

,QSXW�WKH�QXPEHU�RI�VDPSOHV����$�ODUJHU�QXPEHU�RI�VDPSOHV�ZLOO�SURYLGH�PRUH�DFFXUDWH�UHVXOWV
EXW�ZLOO�UHTXLUH�PRUH�WLPH��

Random Number Seed

(QWHU�D�YDOXH�IRU�WKH�UDQGRP�QXPEHU�JHQHUDWRU��VHHG�RU�DFFHSW�WKH�GHIDXOW���(QWHU�]HUR�WR
REWDLQ�D�UDQGRP�VHHG�IURP�WKH�V\VWHP�FORFN�

Ground Acceleration Level

(QWHU�D�*URXQG�$FFHOHUDWLRQ�/HYHO�LI�VHLVPLF�XQFHUWDLQW\�LV�VHOHFWHG�
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Output Intermediate Values

237,21$/���7R�VDYH�LQWHUPHGLDWH�VDPSOH�UHVXOWV�WR�D�GLVN�ILOH�IRU�UHYLHZ��VHOHFW�WKH�2XWSXW
9DOXHV�FKHFN�ER[�DQG�SURYLGH�WKH�2XWSXW�ILOH�QDPH�

Uncertainty Results

� 8QFHUWDLQW\�UHVXOWV�ZLOO�EH�GLVSOD\HG�EULHIO\
RQ�WKH�VFUHHQ�IROORZLQJ�WKH�XQFHUWDLQW\
FDOFXODWLRQ�

� 8QFHUWDLQW\�UHVXOWV�IRU�HDFK�VHTXHQFH
ZKHQ�FDOFXODWHG�LQGLYLGXDOO\�FDQ�EH
GLVSOD\HG�
< 6HOHFW�6HTXHQFH�IURP�PHQX�EDU�

DQG�KLJKOLJKW�WKH�LQGLYLGXDO
VHTXHQFH

< 5LJKW�FOLFN�WR�LQYRNH�WKH�SRS�XS
PHQX�DQG�VHOHFW�WKH�'LVSOD\�Þ
8QFHUWDLQW\�RSWLRQ�

� 8QFHUWDLQW\�UHVXOWV�IRU�WKH�SURMHFW�FDQ�EH�GLVSOD\HG�
< 6HOHFW�6HTXHQFH�IURP�WKH�PHQX�EDU��PDUN�DOO�WKH�VHTXHQFHV�LQ�WKH�IDPLO\
< 5LJKW�FOLFN�WR�LQYRNH�WKH�SRS�XS�PHQX�DQG�VHOHFW�WKH�'LVSOD\�Þ�8QFHUWDLQW\

RSWLRQ�

� 1RWH���*5283�XQFHUWDLQW\�UHVXOWV�DUH�GLVSOD\HG�RQO\�RQ�WKH�VFUHHQ�LPPHGLDWHO\�DIWHU�WKH
DQDO\VLV���7KHVH�UHVXOWV�DUH�QRW�DYDLODEOH�IURP�WKH�'LVSOD\�RSWLRQ�
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17. SEQUENCE IMPORTANCE ANALYSIS
6HFWLRQ����GHVFULEHV�WKH�YDULRXV�VHTXHQFH�LPSRUWDQFH�PHDVXUHV�DYDLODEOH�LQ�6$3+,5(���$OVR
VKRZQ�LV�KRZ�WR�FDOFXODWH�WKH�LPSRUWDQFH�PHDVXUHV�XVLQJ�6$3+,5(�

ô ([SODLQ�WKH�XVH�DQG�PHDQLQJ�RI�LPSRUWDQFH�PHDVXUHV�

ô 'HILQH�WKH�LPSRUWDQFH�PHDVXUHV�WKDW�DUH�DYDLODEOH�LQ�6$3+,5(�IRU�VHTXHQFHV�

ô 'LVFXVV�WKH�VWHSV�XVHG�WR�FDOFXODWH�VHTXHQFH�LPSRUWDQFH�PHDVXUHV�

ô 9LHZ�UDWLR�LPSRUWDQFH�PHDVXUH�UHVXOWV�

ô 9LHZ�GLIIHUHQFH�LPSRUWDQFH�PHDVXUH�UHVXOWV�

17.1 Sequence Importance Measures

ô ,PSRUWDQFH�PHDVXUHV�SURYLGH��UHOLDELOLW\�ZRUWK��LQIRUPDWLRQ�DERXW�EDVLF�HYHQWV
DSSHDULQJ�LQ�WKH�FXW�VHWV�RI�DQ�HYHQW�WUHH�VHTXHQFH�

ô &RPSRQHQWV�VKRZLQJ�KLJK�UHODWLYH�LPSRUWDQFH�PD\�EH�FDQGLGDWHV�IRU�HLWKHU�����FORVH
PRQLWRULQJ�WR�HQVXUH�WKDW�WKH�FRPSRQHQW�GRHV�QRW�GHJUDGH�RYHU�WLPH�RU�����GHVLJQ
FKDQJHV�WR�LQFUHDVH�WKH�FRPSRQHQW�UHOLDELOLW\�

ô 5DWLR�RU�'LIIHUHQFH�RU�8QFHUWDLQW\�LPSRUWDQFHV�FDQ�EH�VHOHFWHG�

� :KHQ�\RX�VHOHFW�5DWLR�,PSRUWDQFHV���)XVVHOO�9HVHO\�,PSRUWDQFH��5LVN
5HGXFWLRQ�5DWLR��DQG�5LVN�,QFUHDVH�5DWLR�ZLOO�EH�FDOFXODWHG��GLVSOD\HG��DQG
UHSRUWHG�

� :KHQ�\RX�VHOHFW�,QWHUYDO�,PSRUWDQFHV���%LUQEDXP�,PSRUWDQFH��5LVN�5HGXFWLRQ
,QWHUYDO��5LVN�,QFUHDVH�,QWHUYDO�ZLOO�EH�FDOFXODWHG��GLVSOD\HG��DQG�UHSRUWHG�

17.2 Menus and Options for Calculating Sequence Importance
Measures

� 6HOHFW�WKH�6HTXHQFH�IURP�WKH�PHQX�EDU�
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� +LJKOLJKW�DQ�LQGLYLGXDO�VHTXHQFH��ULJKW�FOLFN�WR�LQYRNH�WKH�SRS�XS�PHQX�

� 6HOHFW�,PSRUWDQFH��WKHQ�RQH�RI�WKH
VXE�PHQX�RSWLRQV���5DWLR�ZDV
VHOHFWHG�LQ�WKLV�H[DPSOH�

� 7R�DQDO\]H�WKH�LPSRUWDQFH�RI�D
JURXS�RI�VHTXHQFHV��KLJKOLJKW�WKH
GHVLUHG�VHTXHQFHV��WKHQ�VHOHFW
,PSRUWDQFH�

View Sequence Importances

� 7KH�5DWLR�LPSRUWDQFHV�DUH�QRZ�GLVSOD\HG�

� 8VH�WKH�5HSRUW�EXWWRQ�RQ�WKLV�GLDORJ�WR�ZULWH�WKH�LPSRUWDQFH�PHDVXUH�WR�D�ILOH�RU�SULQWHU�
�1RWH�WKDW�5DWLR�LPSRUWDQFHV�DUH�GLVSOD\HG��

� $OWHUQDWHO\��WKH�5HSRUW�Þ�6HTXHQFH�Þ�,PSRUWDQFH�RSWLRQ�FDQ�EH�XVHG�WR�UHSRUW�VHTXHQFH
LPSRUWDQFHV�
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18. REPORTING SEQUENCE RESULTS
6HFWLRQ����GHVFULEHV�KRZ�WR�JHQHUDWH�UHSRUWV�RI�VHTXHQFH�FXW�VHW�UHVXOWV�

ô ([SODLQ�WKH�YDULRXV�VHTXHQFH�LQIRUPDWLRQ�UHSRUWV�DYDLODEOH�LQ�6$3+,5(�

ô 'LVSOD\�YDULRXV�VHTXHQFH�LQIRUPDWLRQ�UHSRUWV�

18.1 Sequence Report Menus and Examples

� 7R�UHSRUW�VHTXHQFH�LQIRUPDWLRQ��VHOHFW�5HSRUW�IURP�WKH�PHQX�EDU�

� 6HOHFW�WKH�6HTXHQFH�UDGLR�EXWWRQ�DQG�WKHQ�\RX�FDQ�FKRRVH�IURP�VHYHUDO�GLIIHUHQW�UHSRUW
RSWLRQV�

18.1.1 Sequence Summary Reports
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Sequence Brief Summary Report

Sequence Combination Report
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Sequence Uncertainty Values Report

18.1.2 Sequence Logic Reports
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Sequence Logic Report

18.1.3 Sequence Cut Set Reports
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Sequence Cut Set Report

Sequence Quantified Cut Set Report
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18.1.4 Sequence Importance Reports

Sequence Importance Sort Options

,Q�WKLV�H[DPSOH�WKH�³)9�RU�%LUQEDXP´�VRUW�RSWLRQ�LV�VHOHFWHG�
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Sequence Importance Measures Report
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19. EVENT TREE SENSITIVITY ANALYSIS
6HFWLRQ����GHVFULEHV�KRZ�WR�SHUIRUP�HYHQW�WUHH�VHQVLWLYLW\�VWXGLHV�LQFOXGLQJ�EDVLF�HYHQW�GDWD
PRGLILFDWLRQV�DQG�HYHQW�WUHH�ORJLF�FKDQJHV���7KH�XVH�RI�&KDQJH�6HWV�WR�PDNH�EDVLF�HYHQW�GDWD
PRGLILFDWLRQV�LV�GHVFULEHG�

ô 'LVFXVV�WKH�VWHSV�LQYROYHG�LQ�SHUIRUPLQJ�HYHQW�WUHH�VHQVLWLYLW\�DQDO\VLV�

ô /LVW�WKH�YDULRXV�ZD\V�WR�PRGLI\�HYHQW�WUHH�ORJLF�

ô /LVW�WKH�WZR�ZD\V�GDWD�FKDQJHV�FDQ�EH�PDGH�WR�WKH�GDWDEDVH�

ô 'HVFULEH�WKH�WZR�GLIIHUHQW�W\SHV�RI�FKDQJH�VHWV�

ô ([SODLQ�WKH�WKUHH�GLIIHUHQW�VHTXHQFH�DQDO\VLV�RSWLRQV�DQG�ZKHQ�HDFK�RSWLRQ�VKRXOG�EH
XVHG�

19.1 Overview of Steps Involved in Performing an Event Tree
Sensitivity Analysis

¶ ,I�HYHQW�WUHH�ORJLF�FKDQJHV�DUH�WR�EH�PDGH��PDNH�FKDQJHV�WR�WKH�HYHQW�WUHH�ORJLF��H�J��
DGG�RU�GHOHWH�D�WRS�HYHQW��RU�PRGLI\�WKH�HYHQW�WUHH�EUDQFKHV���DQG�WKHQ�XVH�(YHQW�7UHH
Þ�/LQN�7UHHV�WR�OLQN�WKH�QHZ�HYHQW�WUHH�ORJLF�

· ,I�IDXOW�WUHH�ORJLF�FKDQJHV�DUH�WR�EH�PDGH��PDNH�FKDQJHV�WR�WKH�IDXOW�WUHH�ORJLF�XVLQJ�WKH
JUDSKLFDO�IDXOW�WUHH�RU�ORJLF�HGLWRU�

¸ ,I�GDWD�FKDQJHV�DUH�WR�EH�PDGH��HQWHU�GDWD�PRGLILFDWLRQV�E\�HLWKHU��

C FKDQJLQJ�WKH�GDWD��SHUPDQHQWO\��LQ�WKH�0RGLI\�Þ�%DVLF�(YHQWV�PHQX�
C FKDQJLQJ�WKH�GDWD��WHPSRUDULO\���XVLQJ�&KDQJH�6HWV�

7KHQ��XVH�WKH�*HQHUDWH�RSWLRQ�IURP�WKH�PHQX�EDU�WR��SURFHVV��WKH�EDVLF�HYHQW�FKDQJHV
VR�WKDW�WKH\�ZLOO�EH�XVHG�IRU�VXEVHTXHQWO\�SHUIRUPHG�6$3+,5(�RSHUDWLRQV�VXFK�DV
TXDQWLI\LQJ�DQG�GLVSOD\LQJ�FXW�VHWV�DQG�JHQHUDWLQJ�UHSRUWV�

¹ 7R�XSGDWH�WKH�HYHQW�WUHH�VHTXHQFH�FXW�VHWV�VHOHFW�6HTXHQFH�IURP�WKH�PHQX�EDU���7KHQ
ULJKW�FOLFN�WR�LQYRNH�WKH�SRS�XS�PHQX�DQG�VHOHFW�WKH�DSSURSULDWH�RSWLRQ����6ROYH��&XW
6HWV�Þ�8SGDWH��RU�4XDQWLI\�
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19.2 Modifying Event Tree Logic (or Fault Tree Logic Affecting the
Event Tree)

ô (YHQW�WUHH�ORJLF�FDQ�EH�FKDQJHG�E\�XVLQJ�WKH�JUDSKLFDO�HGLWRU�LQ�WKH�(YHQW�7UHH�Þ�(GLW
*UDSKLFV�PHQX�

ô )DXOW�WUHH�ORJLF�FDQ�EH�FKDQJHG�E\�XVLQJ�WKH�JUDSKLFDO�HGLWRU�LQ�WKH�)DXOW�7UHH�Þ�(GLW
*UDSKLFV�

ô $OWHUQDWH�ZD\V�RI�PRGLI\LQJ�HYHQW�WUHH�ORJLF�LQFOXGH�

� XVLQJ�WKH�(YHQW�7UHH�Þ�(GLW�/RJLF

� UHSODFLQJ�VHTXHQFH�ORJLF�ZLWK�0$5�'��64/�ILOHV

19.3 Analyzing Event Tree Sequence Cut Sets

� 6HOHFW�6HTXHQFH�IURP�WKH�PHQX�EDU�

� 0DUN�WKH�VHTXHQFHV�XVLQJ�WKH�PDVN�IHDWXUHV��RU�LQGLYLGXDOO\�XVLQJ�WKH�PRXVH�
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� 5LJKW�FOLFN�WR�LQYRNH�WKH�SRS�XS�PHQX�DQG�VHOHFW�WKH�DSSURSULDWH�RSWLRQ����6ROYH��&XW
6HWV�Þ�8SGDWH��RU�4XDQWLI\�

Solve

7KLV�RSWLRQ�XVHV�WKH�HYHQW�WUHH�ORJLF�DQG�IDXOW�WUHHV�DVVRFLDWHG�ZLWK�HYHQW�WUHH�WRS�HYHQWV����7KH
VHTXHQFH�IUHTXHQF\�LV�TXDQWLILHG�XVLQJ�WKH�PLQLPDO�FXW�VHW�XSSHU�ERXQG�DSSUR[LPDWLRQ���7KLV
RSWLRQ�LV�DSSURSULDWH�IRU�DOO�VHQVLWLYLW\�VWXGLHV�ZKHUH�HYHQW�WUHH�ORJLF�LV�DYDLODEOH��KRZHYHU��LW�ZLOO
WDNH�ORQJHU�WKDQ�WKH�&XW�6HWV�Þ�8SGDWH�RU�4XDQWLI\�RSWLRQV�

Quantify

7KLV�RSWLRQ�XVHV�WKH�H[LVWLQJ�FXUUHQW�FDVH�FXW�VHWV�DQG�UHTXDQWLILHV�WKH�V\VWHP�SUREDELOLWLHV���7KLV
RSWLRQ�LV�GHVLJQHG�WR�TXLFNO\�UHTXDQWLI\�WKH�FXW�VHWV�ZKHQ�GDWD�FKDQJHV�KDYH�EHHQ�PDGH����1RWH�
LI�GDWD�FKDQJHV�LQFUHDVH�WKH�IDLOXUH�SUREDELOLW\�RI�DQ�HYHQW��WKH�6ROYH�RSWLRQ�VKRXOG�EH�XVHG
LQVWHDG�����7KLV�RSWLRQ�PXVW�EH�XVHG�LI�WKH�HYHQW�WUHH�VHTXHQFH�KDV�FXW�VHWV��EXW�GRHV�QRW�KDYH
VHTXHQFH�ORJLF�

Cut Set Update

7KLV�RSWLRQ�XVHV�WKH�H[LVWLQJ�FXUUHQW�FDVH�FXW�VHWV��XQOHVV�WKH�XVHU�VSHFLILHV�WKDW�EDVH�FDVH�FXW
VHWV�DUH�WR�EH�XVHG�LQVWHDG����1RQ�PLQLPDO�FXW�VHWV�DUH�HOLPLQDWHG�DQG�WKH�V\VWHP�SUREDELOLW\�LV
TXDQWLILHG�XVLQJ�WKH�PLQLPDO�FXW�VHW�XSSHU�ERXQG�DSSUR[LPDWLRQ���7KLV�RSWLRQ�PD\�QRW�EH
DSSURSULDWH�IRU�WKH�PRGHO�RU�GDWD�FKDQJHV�SHUIRUPHG��WKH�XVHU�PXVW�GHFLGH�ZKHQ�LW�LV
DSSURSULDWH�WR�XVH�WKLV�RSWLRQ��
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20. BASE CASE UPDATE
6HFWLRQ����GHVFULEHV�KRZ�WR�SHUIRUP�D�EDVH�FDVH�XSGDWH�RQ�HYHQW�WUHH�DFFLGHQW�VHTXHQFH
UHVXOWV�DQG�V\VWHP�UHVXOWV�

ô 'HVFULEH�WKH�GLIIHUHQFH�EHWZHHQ�EDVH�FDVH�DQG�FXUUHQW�FDVH�

ô 6WDWH�WKH�SUHUHTXLVLWHV�EHIRUH�SHUIRUPLQJ�D�EDVH�FDVH�XSGDWH�RQ�ERWK�HYHQW�WUHH
DFFLGHQW�VHTXHQFHV�DQG�V\VWHP�UHVXOWV�

ô 3HUIRUP�D�EDVH�FDVH�XSGDWH�RQ�HYHQW�WUHH�DFFLGHQW�VHTXHQFH�DQG�V\VWHP�UHVXOWV�

ô $OO�UHVXOWV�JHQHUDWHG�E\�6$3+,5(�DUH�VWRUHG�LQ�WKH�FXUUHQW��DOWHUQDWH��FDVH���7KHVH
UHVXOWV�FKDQJH�HDFK�WLPH�D�QHZ�DQDO\VLV�LV�SHUIRUPHG���7R�VDYH�WKH�UHVXOWV�WKDW�ZHUH�MXVW
JHQHUDWHG�SHUPDQHQWO\��D�EDVH�FDVH�XSGDWH�QHHGV�WR�EH�SHUIRUPHG�

ô %DVH�FDVH�XSGDWH�LV�D�PHDQV�WR�VWRUH�GDWD�DQG�UHVXOWV�LQ�WKH�IDPLO\�ILOHV�DV�D
�SHUPDQHQW��UHFRUG�

ô %DVH�FDVH�GDWD�DQG�UHVXOWV�DUH�FKDQJHG�E\�WUDQVIHUULQJ�WKH�FXUUHQW�FDVH�WR�WKH�EDVH
FDVH���7UDQVIHUULQJ�WKH�FXUUHQW�FDVH�GDWD�DQG�UHVXOWV�LQWR�WKH�EDVH�FDVH�JLYHV�D
�SHUPDQHQW��UHFRUG�WKDW�FDQ�QRW�EH�UHPRYHG�XQWLO�DQRWKHU�EDVH�FDVH�XSGDWH�LV
SHUIRUPHG�

ô %\�SHUIRUPLQJ�D�EDVH�FDVH�XSGDWH��WKHVH�EDVH�FDVH�UHVXOWV�FDQ�EH�UHDGLO\�FRPSDUHG�WR
UHVXOWV�IURP�RWKHU�VHQVLWLYLW\�DQDO\VHV�

ô 7KH�YDULRXV�EDVH�FDVH�XSGDWHV�DUH�VKRZQ�JUDSKLFDOO\�EHORZ�
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20.1 Event tree accident sequence results

ô 3UHUHTXLVLWHV�IRU�VHTXHQFH�UHVXOWV�EDVH�FDVH�XSGDWH

� *HQHUDWH�DSSURSULDWH�GDWD�FKDQJHV�IRU�WKH�DQDO\VLV�

� $QDO\]H��L�H���JHQHUDWH�FXW�VHWV��WKH�DFFLGHQW�VHTXHQFHV�DW�D�VSHFLILHG�WUXQFDWLRQ
OHYHO�

� 5HYLHZ�UHVXOWLQJ�FXW�VHWV�IRU�FRUUHFWQHVV�

� $SSO\�UHFRYHU\�UXOHV�WR�WKH�DFFLGHQW�VHTXHQFH�FXW�VHWV�LI�UHTXLUHG�

� 3HUIRUP�XQFHUWDLQW\�DQDO\VLV�LI�QHHGHG�

:H�DUH�QRZ�UHDG\�WR�SHUIRUP�D�EDVH�FDVH�XSGDWH�
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20.2 Menus and options for accident sequence base case update

� 6HOHFW�WKH�0RGLI\�¢�(YHQW�7UHHV�PHQX�

� 0DUN�WKH�HYHQW�WUHHV�

� &KRRVH�WKH�%DVH�8SGDWH�EXWWRQ�

�7KH�&OHDU�$OWHUQDWH�EXWWRQ�UHPRYHV�WKH�UHVXOWV�VWRUHG�LQ�WKH�FXUUHQW��DOWHUQDWH��FDVH��

Base Case Update Dialog

� &KRRVH�WKH�2.
EXWWRQ�WR�SHUIRUP
WKH�EDVH�FDVH
XSGDWH�

� 7KH�$QDO\VLV�7\SH
GURS�GRZQ�OLVW�JLYHV
\RX�WKH�RSSRUWXQLW\
WR�GR�D�EDVH�FDVH
XSGDWH�RQ�DQ\�RQH
RI�WKH�VL[WHHQ
GLIIHUHQW�DQDO\VLV
W\SHV�OLVWHG�
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1RWH���7KH�GHIDXOW�DQDO\VLV�W\SH�DV�VKRZQ�LQ�WKH��'HILQH�&RQVWDQWV��ZLOO�EH�WKH�GHIDXOW
VHOHFWLRQ�IRU�WKH�EDVH�FDVH�XSGDWHG�

� 7R�SHUIRUP�D�EDVH�FDVH�XSGDWH�RQ�DQ\�RI�WKH�RWKHU�DQDO\VLV�W\SHV��\RX�PXVW�VHOHFW�WKH
DQDO\VLV�W\SH�SULRU�WR�FKRRVLQJ�WKH�2.�EXWWRQ�

20.3 System fault tree results

ô 3UHUHTXLVLWHV�IRU�V\VWHP�UHVXOWV�EDVH�FDVH�XSGDWH

� *HQHUDWH�DSSURSULDWH�GDWD�FKDQJHV�IRU�WKH�DQDO\VLV�

� $QDO\]H��L�H���JHQHUDWH�FXW�VHWV��WKH�V\VWHP�IDXOW�WUHHV�DW�D�VSHFLILHG�WUXQFDWLRQ
OHYHO�

� 5HYLHZ�UHVXOWLQJ�FXW�VHWV�IRU�FRUUHFWQHVV�

� $SSO\�UHFRYHU\�UXOHV�WR�WKH�V\VWHP�FXW�VHWV�LI�UHTXLUHG�

� 3HUIRUP�XQFHUWDLQW\�DQDO\VLV�LI�QHHGHG�

:H�DUH�QRZ�UHDG\�WR�SHUIRUP�D�EDVH�FDVH�XSGDWH�
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20.4 Menus and options for fault tree base case update

� 6HOHFW�WKH�0RGLI\�¢�)DXOW�7UHHV�PHQX�

� 0DUN�WKH�IDXOW�WUHHV�

� &KRRVH�WKH�%DVH�8SGDWH�EXWWRQ�

�7KH�&OHDU�$OWHUQDWH�EXWWRQ�UHPRYHV�WKH�UHVXOWV�VWRUHG�LQ�WKH�FXUUHQW��DOWHUQDWH��FDVH��
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21. USING DATABASE FILES
6HFWLRQ����GHVFULEHV�ZD\V�WR�WUDQVIHU�HYHQW�WUHH��IDXOW�WUHH�DQG�EDVLF�HYHQW�LQIRUPDWLRQ�IURP�RQH
SURMHFW�GDWDEDVH�WR�HLWKHU�D�QHZO\�FUHDWHG�SURMHFW�GDWDEDVH�RU�DQ�H[LVWLQJ�SURMHFW�GDWDEDVH�

ô *LYH�H[DPSOHV�RI�WKH�LQIRUPDWLRQ�VWRUHG�LQ�HYHQW�WUHH��IDXOW�WUHH��DQG�EDVLF�HYHQW�0$5�'
ILOHV�

ô 'HVFULEH�WKH�VWHSV�UHTXLUHG�WR�H[WUDFW�HYHQW�WUHH��IDXOW�WUHH��DQG�EDVLF�HYHQW�ILOHV�

ô 'LVFXVV�KRZ�HYHQW�WUHH��IDXOW�WUHH��DQG�EDVLF�HYHQW�LQIRUPDWLRQ�FDQ�EH�WUDQVIHUUHG�IURP
RQH�6$3+,5(�SURMHFW�WR�DQRWKHU�

21.1 Event Tree Files

ô 7KH�HYHQW�WUHH�ILOHV�FUHDWHG�LQ�6$3+,5(�KDYH�WKH�VXIIL[�RI��(7�

< 7KHVH�ILOHV�VWRUH�LQIRUPDWLRQ�DERXW�WKH�HYHQW�WUHHV�LQFOXGLQJ�ORJLF��UXOHV��DQG
DWWULEXWHV�

< 7KH��(7*�ILOH�LV�FUHDWHG�ZKHQ�WKH�HYHQW�WUHH�LV�EXLOW�DQG�WKH�ORJLF�LV�VDYHG�

< $OO�RWKHU��(7�ILOHV�DUH�FUHDWHG�RQO\�E\�XVLQJ�WKH�0$5�'�([WUDFW�IHDWXUH�

ô 6$3+,5(�DOORZV�LQIRUPDWLRQ�SHUWDLQLQJ�WR�WKH�HYHQW�WUHHV�WR�EH�H[WUDFWHG�IURP�RQH
SURMHFW�DQG�FRSLHG�WR�DQRWKHU�6$3+,5(�SURMHFW�

ô 7KH�0$5�'�PRGXOH�LQ�6$3+,5(�DOORZV�WKH�XVHU�WR�H[WUDFW�HYHQW�WUHH�LQIRUPDWLRQ�WR�EH
HGLWHG�XVLQJ�D�WH[W�HGLWRU�

ô 0$5�'�DOVR�DOORZV�WKH�XVHU�WR�ORDG�H[WUDFWHG�ILOHV�IURP�DQRWKHU�SURMHFW�LQWR�WKH�FXUUHQW
SURMHFW�
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MAR-D Load and Extract Menus

� 7KH�0$5�'�PHQXV�DUH�SURYLGHG�LQ�WKH�8WLOLW\�¢�/RDG
DQG�([WUDFW�PHQX�

Extract Data

7KLV�RSWLRQ�DOORZV�\RX�WR�H[WUDFW�0$5�'�ILOHV�IURP�WKH�GDWDEDVH�LQWR�D�WH[W�ILOH�

Load Data

7KLV�RSWLRQ�DOORZV�\RX�WR�ORDG�0$5�'�ILOHV�WKDW�DUH�FRQWDLQHG�LQ�WKH�SURMHFW�V�VXEGLUHFWRU\�

Load and Extract Event Tree Data

� )URP�WKH�'DWD�$FWLRQ�VHFWLRQ��FKRRVH�HLWKHU�WKH�/RDG�RU�([WUDFW�UDGLR�EXWWRQ�
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� )URP�WKH�'DWD�)RUPDW�VHFWLRQ��FKRRVH�HLWKHU�WKH�0$5�'�RU�6HWV�UDGLR�EXWWRQ�

� 7KHQ�FKRRVH�WKH�GHVLUHG�GDWD�W\SH�IURP�WKH�'DWD�7\SH�VHFWLRQ�

� 7KH�HYHQW�WUHH�LQIRUPDWLRQ�0$5�'�IRUPDW�LV�VHOHFWHG�LQ�WKH�ILJXUH�VKRZQ�DERYH�
$Q\�RQH�RI�WKH�OLVWHG�0$5�'�ILOH�W\SHV�FDQ�EH�DFFHVVHG�E\�VHOHFWLQJ�WKH
DSSURSULDWH�UDGLR�EXWWRQ�

� &KRRVH�WKH�3URFHVV�EXWWRQ�
� <RX�FDQ�PDUN�LQGLYLGXDO�HYHQW�WUHHV��D�UDQJH�RI�HYHQW�WUHHV��RU�DOO�RI�WKH�HYHQW

WUHHV�
� &KRRVH�WKH�([WUDFW�/RDG�EXWWRQ
� :KHQ�H[WUDFWLQJ��\RX�ZLOO�EH�SURPSWHG�WR�DFFHSW�RU�FKDQJH�WKH�0$5�'�ILOH

QDPH���7KH�GHIDXOW�QDPH�LV�XVXDOO\�WKH�SURMHFW�QDPH�DQG�WKH�0$5�'�ILOH���
FKDUDFWHU�H[WHQVLRQ��H�J���'(02�(7'��

� :KHQ�ORDGLQJ��WKH�ILOHV�LQ�WKH�SURMHFW�GLUHFWRU\�WKDW�KDYH�WKH�H[WHQVLRQ��(7�ZLOO
EH�OLVWHG�RQ�WKH�GLDORJ���0DUN�WKH�ILOH��RU�ILOHV��WR�ORDG�

21.2 Fault Tree Files

ô 7KH�IDXOW�WUHH�ILOHV�FUHDWHG�LQ�6$3+,5(�KDYH�WKH�VXIIL[�RI��)7�DQG��'/6�

< 7KH�ILOHV�VWRUH�LQIRUPDWLRQ�DERXW�WKH�IDXOW�WUHHV��LQFOXGLQJ�ORJLF��UXOHV��DQG
DWWULEXWHV�

< 7KH��'/6�ILOHV�DUH�FUHDWHG�ZKHQ�WKH�IDXOW�WUHH�LV�EXLOW�DQG�WKH�ORJLF�LV�VDYHG�

< $OO�RWKHU��)7�ILOHV�DUH�FUHDWHG�RQO\�XVLQJ�WKH�0$5�'�([WUDFW�IHDWXUH�

ô 6$3+,5(�DOORZV�LQIRUPDWLRQ�SHUWDLQLQJ�WR�WKH�IDXOW�WUHHV�WR�EH�H[WUDFWHG�IURP�RQH�SURMHFW
DQG�FRSLHG�WR�DQRWKHU�6$3+,5(�SURMHFW�

ô 7KH�0$5�'�PRGXOH�LQ�6$3+,5(�DOORZV�WKH�XVHU�WR�H[WUDFW�IDXOW�WUHH�LQIRUPDWLRQ�WR�EH
HGLWHG�XVLQJ�D�WH[W�HGLWRU�

ô 0$5�'�DOVR�DOORZV�WKH�XVHU�WR�ORDG�H[WUDFWHG�ILOHV�IURP�DQRWKHU�SURMHFW�LQWR�WKH�FXUUHQW
SURMHFW�
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Load and Extract Fault Tree Data

� )URP�WKH�'DWD�$FWLRQ�VHFWLRQ��FKRRVH�HLWKHU�WKH�/RDG�RU�([WUDFW�UDGLR�EXWWRQ�

� )URP�WKH�'DWD�)RUPDW�VHFWLRQ��FKRRVH�HLWKHU�WKH�0$5�'�RU�6HWV�UDGLR�EXWWRQ�

� 7KHQ�FKRRVH�WKH�GHVLUHG�GDWD�W\SH�IURP�WKH�'DWD�7\SH�VHFWLRQ�

� 7KH�IDXOW�WUHH�LQIRUPDWLRQ�0$5�'�ILOH�LV�VHOHFWHG�LQ�WKH�ILJXUH�VKRZQ�DERYH���$Q\
RQH�RI�WKH�OLVWHG�0$5�'�ILOH�W\SHV�FDQ�EH�DFFHVVHG�E\�VHOHFWLQJ�WKH�DSSURSULDWH
UDGLR�EXWWRQ�

� &KRRVH�WKH�3URFHVV�EXWWRQ�
� <RX�FDQ�PDUN�LQGLYLGXDO�IDXOW�WUHHV��D�UDQJH�RI�IDXOW�WUHHV��RU�DOO�RI�WKH�IDXOW�WUHHV�
� &KRRVH�WKH�([WUDFW�/RDG�EXWWRQ�
� :KHQ�H[WUDFWLQJ��\RX�ZLOO�EH�SURPSWHG�WR�DFFHSW�RU�FKDQJH�WKH�0$5�'�ILOH

QDPH���7KH�GHIDXOW�QDPH�LV�XVXDOO\�WKH�SURMHFW�QDPH�DQG�WKH�0$5�'�ILOH���
FKDUDFWHU�H[WHQVLRQ��H�J���'(02�)7'��

� :KHQ�ORDGLQJ��WKH�ILOHV�LQ�WKH�SURMHFW�GLUHFWRU\�WKDW�KDYH�WKH�H[WHQVLRQ��)7�DQG
�'/6�ZLOO�EH�OLVWHG�RQ�WKH�GLDORJ���0DUN�WKH�ILOH��RU�ILOHV��WR�ORDG�
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21.3 Basic Event Files

ô 7KH�EDVLF�HYHQW�ILOHV�FUHDWHG�LQ�6$3+,5(�KDYH�WKH�VXIIL[�RI��%(�

< 7KHVH�ILOHV�VWRUH�LQIRUPDWLRQ�DERXW�WKH�EDVLF�HYHQWV��LQFOXGLQJ�SUREDELOLW\
LQIRUPDWLRQ��DWWULEXWHV��DQG�GHVFULSWLRQV�

< 7KH��%(�ILOHV�DUH�FUHDWHG�RQO\�E\�XVLQJ�WKH�0$5�'�([WUDFW�IHDWXUH�

ô 6$3+,5(�DOORZV�LQIRUPDWLRQ�SHUWDLQLQJ�WR�WKH�EDVLF�HYHQWV�WR�EH�H[WUDFWHG�IURP�RQH
SURMHFW�DQG�FRSLHG�WR�DQRWKHU�6$3+,5(�SURMHFW�

ô 7KH�0$5�'�PRGXOH�LQ�6$3+,5(�DOORZV�WKH�XVHU�WR�H[WUDFW�EDVLF�HYHQW�LQIRUPDWLRQ�WR�EH
HGLWHG�XVLQJ�D�WH[W�HGLWRU�

ô 0$5�'�DOVR�DOORZV�WKH�XVHU�WR�ORDG�H[WUDFWHG�ILOHV�IURP�DQRWKHU�SURMHFW�WR�WKH�FXUUHQW
SURMHFW�

Load and Extract Basic Event Data

� )URP�WKH�'DWD�$FWLRQ�VHFWLRQ��FKRRVH�HLWKHU�WKH�/RDG�RU�([WUDFW�UDGLR�EXWWRQ�

� )URP�WKH�'DWD�)RUPDW�VHFWLRQ��FKRRVH�HLWKHU�WKH�0$5�'�RU�6HWV�UDGLR�EXWWRQ�
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� 7KHQ�FKRRVH�WKH�GHVLUHG�GDWD�W\SH�IURP�WKH�'DWD�7\SH�VHFWLRQ�

� 7KH�EDVLF�HYHQW�LQIRUPDWLRQ�0$5�'�ILOH�LV�VHOHFWHG�LQ�WKH�ILJXUH�VKRZQ�DERYH�
$Q\�RQH�RI�WKH�OLVWHG�0$5�'�ILOH�W\SHV�FDQ�EH�DFFHVVHG�E\�VHOHFWLQJ�WKH
DSSURSULDWH�UDGLR�EXWWRQ�

� &KRRVH�WKH�3URFHVV�EXWWRQ�
� <RX�FDQ�PDUN�LQGLYLGXDO�EDVLF�HYHQWV��D�UDQJH�RI�EDVLF�HYHQWV��RU�DOO�RI�WKH�EDVLF

HYHQWV�
� &KRRVH�WKH�([WUDFW�/RDG�EXWWRQ�
� :KHQ�H[WUDFWLQJ��\RX�ZLOO�EH�SURPSWHG�WR�DFFHSW�RU�FKDQJH�WKH�0$5�'�ILOH

QDPH���7KH�GHIDXOW�QDPH�LV�XVXDOO\�WKH�SURMHFW�QDPH�DQG�WKH�0$5�'�ILOH���
FKDUDFWHU�H[WHQVLRQ��H�J���'(02�%('��

� :KHQ�ORDGLQJ��WKH�ILOHV�LQ�WKH�SURMHFW�GLUHFWRU\�WKDW�KDYH�WKH�H[WHQVLRQ��%(�ZLOO
EH�OLVWHG�RQ�WKH�GLDORJ���0DUN�WKH�ILOH��RU�ILOHV��WR�ORDG�

21.4 Moving Database Files

'DWDEDVH�LQIRUPDWLRQ�IURP�RQH�6$3+,5(�SURMHFW�FDQ�EH�PRYHG�LQWR�DQRWKHU�6$3+,5(�SURMHFW�
%\�PRYLQJ�LQIRUPDWLRQ��L�H���GDWDEDVH�ILOHV��IURP�RQH�GDWDEDVH�SURMHFW�DQRWKHU�GDWDEDVH�SURMHFW
\RX�PD\��UHGXFH�WKH�WLPH�UHTXLUHG�WR�GXSOLFDWH�WKLV�LQIRUPDWLRQ�LQ�WKH�QHZ�6$3+,5(�SURMHFW�

ô &RS\LQJ�H[WUDFWHG�0$5�'�ILOHV�IURP�RQH�6$3+,5(�SURMHFW�WR�DQRWKHU�6$3+,5(�SURMHFW�

¶ *R�WR�WKH�6$3+,5(�SURMHFW�GLUHFWRU\�WKDW�FRQWDLQV�WKH�ILOHV�WR�EH�FRSLHG�

7KLV�GLUHFWRU\�PD\�EH�&�?6$)��?'(02��RU�ZKDW�HYHU�\RXU�SURMHFW�VXEGLUHFWRU\
LV�QDPHG��

· +LJKOLJKW�DOO�RI�WKH�GDWDEDVH�ILOHV�LQ�WKH�SURMHFW�VXEGLUHFWRU\���+ROG�GRZQ�WKH
�&WUO!�NH\�DQG�GUDJ�WKH�ILOHV�WR�WKH�GHVWLQDWLRQ�SURMHFW�GLUHFWRU\�

7KLV�ZLOO�FRS\�WKRVH�ILOHV�KLJKOLJKWHG�IURP�WKH�'(02�SURMHFW�LQWR�WKH�VSHFLILHG
6$3+,5(�SURMHFW�

ô 7KH�ILOHV�MXVW�FRSLHG�PD\�QHHG�WR�EH�ORDGHG�LQWR�WKH�QHZ�6$3+,5(�SURMHFW��LI�WKH\�ZHUH
0$5�'�ILOHV��

¶ ,Q�6$3+,5(�VHOHFW�WKH�SURMHFW�GLUHFWRU\�WKDW�WKH�ILOHV�ZHUH�FRSLHG�WR��XVLQJ�WKH
)LOH��¢�2SHQ�3URMHFW�PHQX��
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· /RDG�WKH�0$5�'�ILOHV�LQWR�WKH�SURMHFW�IURP�WKH�8WLOLWLHV�¢�/RDG�DQG�([WUDFW
PHQX�

¸ 5HFRYHU�WKH�GDWDEDVH�IURP�WKH�8WLOLW\�¢�5HFRYHU�'DWD�%DVH�PHQX�

¹ *HQHUDWH�HYHQW�GDWD�IURP�WKH�*HQHUDWH�PHQX�
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